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FOREWORD 


This  is  the  Pinal  Report  on  U.  S.  Army  Contracts  No. 
DA-I8-IO8-405-CML-8O7  and  No.  DA-I8-IO8-CML-6632  by  the  Monsanto 
Research  Corporation.  The  work  vms  sponsored  by  the  Chemical 
Research  Division,  U.  S.  Army  Chemical  Research  and  Development 
Laboratories,  Army  Chemical  Center.  Mr.  Donald  H.  Wadsworth  and  Dr. 
Friedrich  W.  Hoffmann  were  the  Project  Officers. 

Dr.  Stanley  D.  Koch  was  the  Project  Leader  for  the  Monsanto 
Research  Corporation.  Most  of  the  work  was  done  by  Mr.  James  L.  Dever 
and  Mr.  Paul  F.  Donovan,  chemists,  and  Peter  S.  Simone,  technician. 

Some  of  the  early  work  on  the  Wittlg  route  was  done  by  Dp.  John  E. 
Harris,  Sr.  Catalytic  hydrogenations  and  large-scale  syntheses  were 
carried  out  by  Dr.  Morton  H.  Gollis,  group  leader,  Dr.  Asher  A.  Hyatt, 
chemist,  and  Mr.  James  P.  Brogna,  Mr.  Michael  L.  Cook,  Mr.  Henry  L. 
Smith,  and  Mr.  William  A.  Wicks,  technicians.  Instrumental  analyses 
were  carried  out  by  Mr.  Benjamin  J.  Gudzlnowicz,  group  leader, 

Mrs.  Jeanette  C.  Aim,  Mrs.  Ann  E.  Bekebrede,  Mrs.  Shirley  A.  Llebman, 
Mr.  William  R.  Smith,  and  Mr,  Maurice  H.  Taylor,  chemists,  and 
Mr,  Conrad  A.  Cenerlzio,  technician.  Elemental  analyses  were  performed 
by  Dr,  Carol  K,  Fitz,  Needham  Heights,  Massachusetts. 
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SUMMARY 


A  number  of  synthetic  routes  to  2-(‘3,5-dlhydroxyphenyl)-5- 
methyloctane  have  been.  Investigated.  The  most  practical  route 
starts  from  1,3,5-trlGiTilorobenzene,  which  is  converted  in  two  steps 
to  3, 5-dlmethoxyphenyl magnesium  chloride.  This  Grignard  reagent  is 
reacted  with  2-methylh.eptanonltrile,  and  the  resulting  ketone  is 
reacted  with  methylmagnesium  halide  to*glve  2-(3i5-di!nethoxyphenyl)- 
3-methyloctariol-2 .  This  carbinol  is  dehydrated,  reduced,  and  cleaved 
to  produce  the  desired  resorcinol. 

A  large  number  of'  other  routes  and  variations*  in  indlviduar 
steps  were  also  Investigated  and  detailed  comparisons  of  their 
merits  are  Included.  • 

•  * 

Ttie  synthesis  of  six  related  alkylresorclnols  was  also  investiga¬ 
ted.  Two  of  these  weir*e  prepared:  2-(3>5-dlhydroxyujienyl^)-3>*^-di- 
methyloctane  and  2-(3,  5-dlhydroxyphenyl)-3*9-dljjjet!hyloctane.  ^  key 
precursor  for  three  of'  the  others  was  prepar^.  ^ 
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I.  INTRODUCTION 


This- work  has  been  directed  toward  better  methods  of  synthesis 

of  2-(5,5“dlhydroxyphenyl)-5-n>ethyloctane  (l)  from  readily  avail¬ 
able  starting  materials,  and  toward  preparation  of  small  samples  of 
six  related  resorcinols;  2-(5,5-dlhydroxyphenyl)-5,4.-dlraethyl- 
octane  (II),  2-(5,5-dlhydroxypheny.l)-2,5-dimethyIoctane  (ill), 
2-(5,5-dihydroxyphenyl)-5,3-dlmethyloctane  (IV) ,  2-(3,5"f51hydroxy- 
phenyl ) -2, 3, 3-trlmethylootane  ( V) ,  2- ( 3, 5-dlhydroxyphenyl ) -2-methyl - 
hexane  (VI),  and  2- (3, 5-dlhydroxyphenyl )T2-methylheptane  (VII). 


CHa 

HaCCjJHCHCsHii 

I 


(jHa 

CH3CHJC5H1J 

hcTv^noh 


III  IV 


The  Qrlgnard  routes  are  all  based  on  l-chloro-3,5-d1methoxy- 


benzene  as  a  key  Intermediate.  Seven  routes  to  this  chloride  have 
been  considered.  The  most  economical  and  practical  Is  the  methanolysls 
of  1,3, 5- trichlorobenzene. 
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l-Chloro-5,5-dlmethoxyben2ene  Is  then  converted  to  Its  Qrlgnard 
reagent,  and  this  can  be  reacted  with  either  3-inethyloctanone-2  or 
2-methylheptanonltrlle  to  proceed  to  the  desired  product. 


This  work  has  shown  the  reaction  with  2-niethylheptanonltrlle  to  be 
the  more  practical.  This  conclusion  is  supported  by  a  great  deal  of 
development  work  on  the  route  via  5-niethyloctanone-? . 


B.  OTHER  ROUTES  TO  RESORCINOL  I 

Five  other  approaches,  with  variations  and  ramifications,  were 
also  investigated  as  possible  routes  to  resorcinol  I.  All  were 
either  unsuccessful  or  very  much  less  practical  than  the  Grlgnard 
routes.  The  key  reaction  in  each  of  the  routes  is  shovm: 

The  Wlttig  route; 


CHa 

C5Hii-C=PR3  +  0=C-CHg 


CHa 

CH3-C=C-C5Hii 


CHa-CH-CHCsHii 


/ 

MeO 


A 


OMe  MeO  OMe 


HO  OH 
I 
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E.  ROUTES  TO  RESORCINOLS  III,  VI,  and  VII  VIA  2-(3«5-DIMETH0XY- 
PHENYL)  -g-METHYLPROPIONITRILE  This  nitrile  can  be  reacted  with 
an  alkyl  Qrignard  reagent  to  form  precurBors  of  three  of  the  desired 
resorcinols. 


VI,  R  =  C3H7 
VII,  R  =  C4HB 


These  routes  -  provide  practical  syntheses  of  III;  VI,  and  VII.  No 
convenient  route  for  resorcinol  V  is  presently  available. 
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II.  DISCUSSION  OF  RESULTS 


A.  GRIGNARD  ROUTES  TO  g-( 3. 5-DIHYDROXYPHENYL) -3-METHYLOCTANE  (l) 

The  recommended  route  to  resorcinol  I  is  from  1, 3,5-trlchloro- 
benzene  by  a  Grignard  route  using  2-methylheptanonltrile .  The 
details  of  this  route  make  up  much  of  this  report  and  are  summarized 
in  section  III.  A. 

The  Grignard  routes  share  six  common  intermediates:  1-chloro- 
3, 5-dimethoxybenzene,  the  corresponding  Grignard  reagent,  2-(3,5- 
dimethoxyphenyl)-3-methyloctanol-2  and  its  dehydration,  reduction, 
and  cleavage  products.  They  differ  in  the  source  of  l-chloro-3, 5- 
dimethoxybenzene  and  in  whether  the  Grignard  reagent  is  reacted  with 
3-methyloctanone-2  or  with  2-methylheptanonitrile, 

1 .  l-Chloro-3) 5-dlmethoxybenzene 

Six  routes  to  this  intermediate  were  investigated,  and  a 
seventh  was  considered.  They  are  presented  in  order  of  decreasing 
practicality. 

a.  From  1, 3, 5-Trlchl.u-obenzene  The  reaction  of  1,3,5- 
trichlorobenzene  (1,3,5-TCB)  with  sodium  methoxide  in  refluxing 
dlglyme  (the  dimethyl  ether  of  diethylene  glycol)  was  investigated 
in  detail,  and  the  results  are  summarized  in  Table  1, 


Cl  Cl  MeO  OMe 
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Table 
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-622  3.^1  1:2.1  500 


While  the  best  results,  on  the  basis  of  yield,  were  obtained  at 
lower  molar  ratios  of  1,5,5-TCB  to  sodium  methoxide,  the  purity 
of  the  product  was  best,  95  area-^  by  vapor  phase  chromatography 
(VPC),  at  a  molar  ratio  of  1:2.2.  The  by-products  obtained  are  5,5- 
dichloroanlsole  (VIII)  from  incomplete  substitution,  and  1,3,5-trl- 
methoxybenzene  (IX)  from  complete  substitution. 


VIII  IX 

VIII  has  a  boiling  point  fairly  close  to  that  of  the  desired  product 
but  may  be  removed  by  careful  fractionation.  IX  is  higher  boiling 
and  may  be  easily  removed  by  simple  distillation.  Si.nce  a  higher 
ratio  of  methoxide  to  I,3i5-TCB  would  favor  more  complete  sub¬ 
stitution  it  is  easy  to  see  why  the  product  obtained  had  a  higher 
purity.  Using  a  molar  ratio  of  1:2  the  product  was  obtained  in  89 
area-^  purity  after  simple  distillation  with  the  major  impurity 
(10  area-^)  being  3, 5-dichloroanlsole.  The  higher  yield  obtained  in 
run  G  was  probably  due  to  the  larger  scale,  which  reduced  mechanical 
losses  to  one- sixth  of  those  in  the  other  runs  (on  a  percentage 
basis).  It  must  be  pointed  out  that  in  all  of  this  work  simple  dis¬ 
tillation  strfe-ups  were  employed  because  yields  could  be  determined  - 
by  VPC  rather  than  by  isolation.  On  a  large  scale,  efficient  frac¬ 
tionation  led  to  good  yields  of  the  desired  product  of  99  area-J^ 
purity. 
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Table  1  also  shows  that  the  amount  of  solvent  employed  was 
gradually  reduced  from  585  ml  per  mole  of  1,5,5-TCB  in  run  A  to 
68  ml  per  mole  of  I,j5j5-TCB  In  run  D.  The  latter  concentration  was 
too  low,  being  insufficient  for  adequate  mixing  of  the  reactants. 

The  minimum  amount  of  solvent  advisable  appears  to  be  about  1  mole 
(l4l  ml)  per  mole  of  1,3,5-TCB.  As  the  amount  of  solvent  is  de¬ 
creased,  the  amount  of  by-product  3,5-dichloroanisole  (VIIl)  formed 
Increases  to  29?^  in  run  D, 

The  much  higher  yield  in  run  G,  as  compared  to  runs  B,  C,  E, 
and  F,  reflects  the  relative  decrease  in  mechanical  losses  because 
of  the  scale-up. 

The  desirability  of  this  reaction  as  a  route  to  l-chloro-3, 5- 
dirnpthoxybenzene  over  its  preparation  from  ^-nitrosopheuul  (Section 
II,  A.l.b,  below)  depends  on  a  favorable  cost  figure  for  1,3,5  TCB.  The 
Morton  Chemical  Company  has  indicated  (12)  a  price  of  $0.75  to  $1.00 
per  pound  in  large  volume  production. 

Assuming  a  685^  yield  of  l-chloro-3, 5-dimethoxybenzene,  $0.85/ 
pound  cost  of  1,3, 5-TCB,  and  90^  recovery  of  diglyme,  the  raw  material 
cost  per  pound  of  l-chloro-3, 5-dimethoxybenzene  from  1,3,5-TCB  would 
be  $1.88.  This  does  not  take  into  account  the  recycling  of  the  by¬ 
product,^  3,  5-dlchloroanlsole,  which  could  be  treated  with  methoxide 
to  yield  more  product.  The  raw  material  cost  of  the  nitrosophenol 
route  has  been  roughly  estimated  (see  next  page)  at  $3.46  per  pound. 
Preparation  of  the  chloride  from  1,3,5-TCB  is  also  much  simpler  from 
a  mechanical  point  of  view,  which  would  make  it  much  more  attractive 
even  without  the  marked  reduction  in  raw  material  costs. 
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b.  From  p-Nltrosophenol  This  reaction  sequence  has  been 

described  by  Goldschmidt  and  Suchanek^^?) . 

Cl  Cl 


£-Nltro3ophenol  was  converted  to  2-chloro-4,6-dlmethoxyanlllne 
hydrochloride  by  hydrogen  chloride  and  methanol  at  room  temperature. 
The  amine  hydrochloride  was  dlazotized  and  deamlnated  to  form  l-chloro 
3,5-dimethoxybenzene.  The  scheme  was  carried  out  without  isolation 
of  the  2-ch loro-4, 6-dlmethoxyanlllne  or  Its  hydrochloride,  in  an 

overall  yield  of 


The  raw  materials  cost  for  one  pound  of  product  by  this  route 


Is  based  on  these  required  materials,  assuming  the  575^  yield i 


Reagent 


£-nltrosophenol 

CH3OH 

HCl  (gas) 

HCl  (aq.,  cone.) 
NaNOg 


Unit  Cost 

$  1.05/lb 
0.50/gal 
0.52/lb 
0.175/lb 
O.io/lb 


1.79  lb 
1.05  gal 
2.06  lb 
4.24  lb 
1.0  lb 


I  1.88 , 
0.08^ 
0.66 
0.74 
.  0.10 

$  5.46 


Assuming  755^  recovery  of  methanol  used. 


Hypophosphorous  acid  was  used  for  the  deamination  in  the  labora¬ 
tory,  but  deamination  on  a  production  scale  would  undoubtedly  be 
done  by  heating^^^^  or  in  the  presence  of  a  low  cost  alcohol  such 
as  Isopropyl. 

On  a  laboratory  scale,  this  route  requires  only  5  man  days. 
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This  route  to  l-chloro-;3,5-cllJnethoxybenzene  is  intermediate  In 
cost  and  In  labor  between  the  raethoxylatlon  of  TCB  and  the  benzene 
route  from  resorcinol,  below, 

c.  From  Resorcinol  (The  Beiizyne  Route)  This  route  to 
l-chloro-3,5“dlmethoxybenzene,  which  makes  use  of  the  benzyne  reac¬ 
tion,  has  been  referred  to  as  the  benzyne  route  In  the  first  year's 
reports. 


The  first  two  steps  could  be  carried  out  In  either  order, 
depending  on  the  yield  and  convenience  in  handling.  Experimentally, 
we  started  from  the  commerclally-avallable  4-chlororeBorclnol  and 
Investigated  Its  methylatlon.  The  preparation  of  ^-chlororesorclnol 
has  been  described  (I9). 

The  dlether  of  4-chlororesorolnol  was  treated  with  sodamlde  In 
liquid  ammonia  to  form  5,5-dlmethoxyanlllne  via  a  benzyne  Intermediate, 


A  by-product  of  the  benzyne  reaction  Is  another  amine,  thought 
to  be  bl8(5,5-dlmethoicyphenyl)ainlne,  ,  ^5=\  _  ,  a  new 


compound . 


- 

MeO'  'OMe 
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The  aniline  was  subjected  to  the  Sandmeyer  reaction  to  produce 
the  desired  l-chloro-3,5-dlmethoxybenzene.  The  major  limitation  in 
this  sequence  Is  the  Sandmeyer  step,  which  proceeds  in  low  yields  and 
requires  the  use  of  an  expensive  reagent,  cuprous  chloride.  It  is 
possible  that  part  of  the  cost  of  the  cuprous  chloride  might  be  offset 
by  recovery  of  the  copper  salts. 

The  best  overall  yield  from  4-chlororeBorclnol  to  1-chloro- 
5,5-dlmethoxybenzene  obtained  was  22^. 

The  raw  materials  cost  for  the  preparation  of  l-chloro-J,5-di- 
methoxybenzene  from  resorcinol  is  based  on  these  requirements,  per 
pound  of  product,  using  our  best  yields: 


Resorcinol 

Me2S04 

NaOH 


4.24  moles 


+ 


6.08  moles) 
21.2  moles  j 
50.4  moles  ) 


Na  8.65  g-atoms 
NH4CI  9.19  moles 


A+  SOgCla 

Me  6.2  moles 


Cl 


2.12  moles 


CuCl  2.56  moles 
NaNOg  2.12  moles 
HCl  718  ml 


1.0  mole  «  0.38  pound  (MW=»172.61) 
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To  prepare  one  pound,  the  following  materials  would  be  required: 


Reagent 

Cost' per  pound 

Wt,  lb 

Cost 

NaOH 

$  0.05 

7.05 

$  0.386 

IQesS04 

0.175 

17.54 

2.711 

Resorcinol 

0.79 

3.94 

3.132 

SOaClg 

0.13 

4.86 

0.632 

Na 

0.20 

1.16 

0.232 

NH4CI 

0.10 

2.84 

0.284 

CuCl 

0.43 

1.47 

0.634 

NaNOa 

0.10 

0.84 

0.084 

HCl  (aq.  cone.) 

0.175 

3.95 

0.684 

'^Prices  are  all  commercial  prices  and, 
are  the  lowest  possible. 

in  general, 

$  b.873 

The  cost  of  liquid  ammonia  was  not  Included  since  it  should 
be  largely  recoverable.  Cost  of  the  cuprous  chloride  in  materials 
plus  labor  should  be  increased  slightly  since  it  must  be  freshly 
prepared  for  the  reaction,  and  the  commercial  material  at  ;lj0.45  per 
pound  will  not  work.  However,  against  this  there  would  be  a  cost 
reduction  if  any  copper  salts  could  be  recovered  from  residues  and 
recycled  or  sold. 

On  a  laboratory  scale,  this  route  requires  7  Jiian  days. 

d.  5-Chlororesorclnol  from  4,4-Dlchlorobuten-3-one-2  The 
contemplated  reaction  sequence  was: 

CH3COCI  +  ClgC=CH2  [ClaCOHc^CHal-^ClaC-CH^CHa 


ONa 


base  ^  ^ 


i;? 


ROOC. 

Cl., 


Cl 


0 


OH 


The  first  step  was  carried  out  using  a  modification  of  the  literature 
procedure  (58)  and  resulted  in  an  80^  yield  of  4-dichlo^obuten-3-one- 
2.  The  second  step  was  carried  out  using  the  sodium  derivative  of  di¬ 
methyl  malonate,  and  no  definable  product  was  obtained.  However,  a 
basic  work-up  procedure  was  employed,  and,  if  dehydrohalogenation 
occurred  before  decarboxylation  in  the  work-up  of  X,  then  the  product 
obtained  would  probably  be  methyl  2-chloro-4,b-dihydroxybenzoate.  From 
the  latter,  under  basic  conditions,  several  products  might  be  obtained. 

When  this  reaction  sequence  was  proposed,  it  was  felt  that  it 
could  compete  economically  with  the  p-nitrosophenol  route  if  it  went 
in  reasonable  yield.  Now,  with  the  availability  of  the  x-oute  to  1- 
chloro-3, 5-dlmethoxybenzene  from  1,3,5-TCB  described  above,  it  appears 
that  the  subject  reaction  sequence  could  not  compete  even  if  the 
second  step  were  quantitative. 

e.  Attempted  Preparation  from  Lithium  Chloride  and  Dimethylforma- 
mide  on  l-Chloro-2, 4-dlmethoxybenzene  This  route  was  an  attempt  to 
Improve  the  benzyne  route  from  resorcinol  by  eliminating  its  most 
troublesome  feature;  the  Sandmeyer  reaction  on  3, 5-dimethoxyarillne. 
The  benzyne  route  might  still  have  been  competitive  if  it  were  possible 
to  convert  l-chloro-2,4-dimethoxybenzene  to  l-chloro-3, 5-dimethoxy- 
benzene  without  the  necessity  of  proceeding  through  the  aniline  deriva¬ 
tive.  This  might  be  accomplished  by  dehydrohalogenation  of  1-chloro- 
2, 4-dimethoxybenzene,  followed  by  reaction  of  the  resultant  benzyne 
intermediate  with  excess  chloride  ion. 
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However,  the  literature 

reveals  that  a  similar 

ex]i,3erlraent  was  tried 

without  8ucces8(97). 

r  J  +  KCl  +  NHa 

— 

+  KBr 

That  experiment  was  unsuccessful  even  though  bromobenzene  is  slgnl 
flcantly  more  reactive  toward  alkali  amide  than  Is  chlorobenzene. 

Tlie  dehydrohalogenatlon  of  certain  halo-ketones  with  lithium 
chloride  In  N, N- dime  thy Iformamide  has  been  Investigated  by  R.  P. 
Holysz^^^^  It  was  suggested ^^^^that  we  employ  this  method  in  an 
attempt  to  prepare  l-chloro-5,5-dimethoxybenzene. 


This  method  seemed  quite  speculative,  since 'Holysz'  work  was  done 
on  haloketones;  whereas,  to  be  successful  our  experiment  would  in¬ 


volve  the  dehydrohalogenatlon  of  an  aryl  halide.  However,  a  single 
experiment  was  carried  out.  Although  Intense  color  formatlai  was 
observed,  only  starting  material,  i-chloro-2,4-dlniethoxybenzene, 
was  recovered  from  the  reaction  mixture. 


1.'^ 


f .  Atten¥)ted  Reaction  of  Phlorogluclnol  and  Phosphorus 
Pentachlorlde  One  unsuccessful  attempt  was  made  to  prepare 
5-chlororesorcinol  directly  by  the  chlorination  of  phlorogluclnol 
with  phosphorus  pentachlorlde. 


g.  From  Aromatic  Carboxylic  Acids  In  the  Presence  of  Copper 
In  view  of  the  patent  literature  pertaining  to  the  con¬ 
version  of  aromatic  carboxylic  acids  to  phenols,  isophthallc  acid, 
which  IB  relatively  cheap  (l8j^/lb),  was  considered  as  a  possible 
source  of  5“ChlororeBorclnoi . 


However,  a  recent  publication^ by  Toland  regarding  the  mechanism 
of  this  reaction  eliminated  this  idea  from  consideration  for 
two  reasons.  First,  the  incoming  hydroxyl  group  always  occupies 
a  position  ortho  to  the  carboxylic  acid  group  it  is  replacing,  and, 
second,  phthalic  acids  do  nol;  yield  dihydric  phenols. 

However,  Toland  pointed  out  that  he  could  see  no  reason  why 
other  groups  could-not  be  introduced  in  the  same  manner.  On  this 
basis  the  following  reaction  might  be  worth  considering. 


^OOCuCl 


+  CJu  +  CO2 


iMe  OMe 

This  reaction  would  start  with  2,4-dihydroxybenzoic  acid,  which  is 


the  most  available  of  all  the  dihydroxybenzoie  acids. 
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h.  From  Resorcinol  Dimethyl  Ether  A  long  and  unwieldy 
synthesis  of  5-chlororesorcinol  from  resorcinol  dimethyl  ether  (20) 
was  not  considered  practical.  It  was  not  investigated, 

2.  3.5-Dimethoxyphenylmagnesium  Chloride 

The  difficulty  in  forming  Qrlgnard  reagents  from  aryl 
chlorides  is  well  known^^"^*^®^.  Chlorobenzene,  the  first  member 
of  the  series,  forms  a  Grignard  reagent  only  when  special  con¬ 
ditions  are  used.  Phenylmagnesium  chloride  has  been  prepared 
without  a  solvent  at  elevated  ten^)eratures(5^)or  in  the  presence 
of  certain  actlvators^^^'*^^*^*^^ 

Methods  of  formation  of  Qrlgnard  reagents  from  other  aryl 
Chlorides  have  appeared  in  the  literature.  These  compounds  were 
prepared  by  using  molar  quantities  of  ethyl  bromide or  ethylene 
bromlde^^^^as  an  entrainment  carrier  for  the  aryl  chlorides.  With 
ethylene  bromide  and  magnesium,  only  ethylene  and  magnesium 
bromide  are  formed  as  by-products.  Thus,  only  the  Grignard 
reagent  of  the  "inert  chloride”  is  formed,  and  a  mixture  of  two 
Grignard  reagents,  which  would  have  resulted  if  ethyl  bromide  had 
been  used,  Is  avoided. 

In  195A,  Normant^^^^  reported  the  successful  preparation  of 
phenylmagnesium  chloride  and  ^-chlorophenylmagneslvim  chloride  using 
tetrahydrofuran  as  solvent.  Ramsden  and  coworkers^*^^^  have  recently 
elaborated  on  the  work,  begun  by  Norraant.  These  workers  have  re¬ 
ported  that  every  aryl  chloride  tried  reacted  with  magnesium  in 
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tetrahydrofurari.  Referring  to  this  work,  Pearson  points  out 
that  tetrahydrofuran  la  a  more  powerful  coordinating  solvent  than 
diethyl  ether.  In  the  addition  of  the  Orlgnard  reagent  complexed 
with  tetrahydrofuran  to  slowly  reacting  carbonyl  compounds,  lower 
yields  or  even  aide  reactions  may  take  place,  Rajnsden  has  answered 
this  objection  by  devising  methods  of  displacing  tetrahydrofuran 
with  higher  boiling  linear  ethers  after  the  formation  of  the  Orlgnard 
reagent  and  prior  to  subsequent  reaction  of  the  Orlgnard  reagent 
with  carbonyl  compounds.  With  the  single  reservation  that  the 
addition  of  the  Orlgnard  reagent  might  be  retarded,  the  use  of 
tetrahydrofuran  (the  "reactive  solvent  method")  was  an  extremely 
attractive  approach. 


Cl  MgCl 


The  solventlesB  technique,  the  entrainment  method,  several  of 
the  activators  which  have  been  reported,  and  using  magneslm  powder 
plus  ethylene  bromide,  were  all  tried  In  unsuccessful  attempts 

to  make  5,5-dlmethoxyphenylmagne5lum  chloride.  Only  the  reactive 
•solvent  method  In  tetrahydrofuran  proved  successful.  Following- 
Ramsden's  procedure,  the  desired  Orlgnard  reagent  was  prepared 

in  79^  yield. 

An  attempt  to  modify  this  method  by  using  the  mixed  solvent 
system  tetrahydrofuran-N-methylmorpholine,  suggested  by  a  conBultant^®9), 
resulted  In  no  Orlgnard  formation. 
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5. 


2-(3. 5-Dlniebhoxyphenyl )  -3-methyloctanol-2 
This  Intermediate  can  be  obtained  by  reaction  of  the  Qrlgnard 
reagent  above  with  3-methyloctanone-2  or  by  a  two-step  reaction  via 
2-methylheptanonltrlle . 


a.  Synthesis  of  3-Methyloctanone-2  Six  routes  to  this  key 
intermediate  were  examined  experimentally,  and  another  was  considered 
Although  we  concluded  that  2-(3,5-dimethoxyphenyl)-3-methyloctanol-2 
could  be  prepared  more  practically  via  2-methylheptanonltrlle,  this 
part  of  the  Investigation  was  extremely  Important,  since  this  ketone 
had  long  been  considered  the  key  to  the  synthesis  of  the  desired 
resorcinol . 

The' routes  are  arranged  In  order  of  practicality,  as  far  as 
possible.  The  first  three  methods  listed  are  far  more  practical 
then  any  of  the  others . 

(l)  3-Methyloctanone-2  by  Direct  Alkylation  of  Butanone 
Butanone  is  alkylated  directly  with  amyl  halide,  using  sodamlde  in 
liquid  ammonia  as  the  condensation  medium. 


19 


0 

CHaSiCHaCHa  +  NHa' 
CaHnX  + 


CHaCCHCHs 


CH3CCHCH3  +  NHa 
0 

^  CH3CCHCH3  +  X 
C5H11 


Using  amyl  bromide  a  4?^  yield  of  3->nethyloctanone-2  was  ob¬ 
tained.  A  preliminary  experiment  using  a  two-flask  method  had 
given  only  a  yield,  evidently  because  the  sodium  salt  of  the 
enolate  anion  was  too  insoluble  to  be  conveniently  transported  as  a 
slurry  from  one  flask  to  the  other  in  the  two-flask  method. 

The  yield  was  further  raised  to  54^  by  using  a  greater  amount 
of  butanone  and  sodium;  two  moles  of  each  to  one  mole  of  amyl 
bromide.  The  previous  ratio  was  6:5.  Since  the  sodium  and 
butanone  make  up  a  relatively  small  portion  of  the  raw  material 
cost  of  3-methyloctanone-2  by  this  route,  increasing  their  con¬ 
centration  does  not  Increase  the  raw  material  cost  if  the  yield 
of  product  increases  enough  to  balance  the  added  cost  by  reducing 
the  amount  of  bromide  required.  The  validity  of  this  statement 
could  be  confirmed  by  a  detailed  development  study  of  the  araylation 
coupled  with  careful  economic  evaluation  of  every  modification  made. 

Alkylations  using  amylating  agents  other  than  amyl  bromide 
were  not  as  successful.  When  amyl  chloride  was  substituted  for 
the  bromide,  no  3-methyloctanone-2  was  obtained.  In  fact  there 
seemed  to  be  little  or  no  ketol  formation,  a  secondary  reaction 
that  was  very  much  in  evidence  in  the  experiment  using  the 
bromide . 
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This  negative  result  was  unexpected.  It  was  surprising  that 
the  use  of  the  chloride  should  have  had  such  a  large  effect  on  the 
yield.  In  order  to  demonstrate  that  the  failure  was  not  due  to 
faulty  experimental  technique,  two  reactions  were  set  up  and  carried 
out  under  identical  conditions.  In  one  case  amyl  chloride  was  em¬ 
ployed  and  in  the  other  amyl  bromide  was  used.  In  spite  of  the 
great  care  exercised  in  keeping  conditions  Identical,  the  run  using 
the  chloride  failed  to  produce  any  ketone  while  that  In  which  the 
bromide  was  employed  resulted  In  a  ^7^^  yield  (by  VPC)  of  5-niethyl- 
octanone-2. 

The  literature  on  the  alkylation  of  ketones ^^^^ahows  clearly 
enough  that  the  alkyl  chlorides  would  be  expected  to  react  slower 
in  this  reaction  than  the  bromides,  but  we  were  disappointed  to 
find  no  product  from  the  chloride  In  this  ca.se. 

The  alkylation  with  amyl  chloride  was  repeated  using  0.1  mole 
of  sodium  bromide  per  mole  of  amyl  chloride,  but  no  significant 
amount  of  5-roethyloctanone-2  was  obtained.  This  particular  tech¬ 
nique  had  been  suggested  by  the  Chemical  Corps.  It  had  been  found 
useful  for  alkylation  of  amines. 

In  another  attempt  to  find  an  amylatlng  agent  cheaper  and  more 
effective  than  amyl  bromide,  the  alkylation  was  carried  out  using  - 
dlamyl  sulfate,  but  the  yield  of  5-methyloctanone-2  obtained  was 
only  28^  by  vapor  phase  chromatography  (VPC). 

Each  of  the  successful  alkylations  of  butanone  has  also  led 
to  the  formation  of  the  isomeric  ketone  formed  by  reaction  on  the 
primary  hydrogen:  5-nonanone. 

i‘i 


0  0  CH3ChIcH3  — >  CsHiiCnllcHa 

CH3CH2CCH3  +  NHa  ®  CHa 

CHaCHeicHa  CHaCHa^CHaCsHu 

e 

The  yield  of  3-nonanone  is  3-^^-  This  ketone  Is  Isomeric  with  the 
desired  3-niethyloctanone-2  and  cannot  be  separated  from  it  by  dis¬ 
tillation,  although  separation  via  an  appropriate  carbonyl  deriva¬ 
tive  might  be  feasible. 

The  best  conditions  found  to  date  for  the  direct  amylation  of 
butanone  are  the  use  of  two  moles  each  of  butanone  and  sodium  per 
mole  of  amyl  bromide.  This  gives  5^^  3-methyloctanone-2  and  5.2$^ 
3-nonanonc.  Thus,  the  ketone  that  could  be  isolated  would  be  an 
isomeric  mixture  containing  only  91j^  3-methyloctanone-2. 

The  preparation  was  attempted  again  using  sodium  t- amyl oxide 
as  the  base  in  place  of  saodamide.  The  followed  work  of  Conia  , 


CHsCCHsCHs  +  CgHiiBr 


NaOCMeaEt 


(trace) 


CH3CCHC5H11 

4h3 


The  alkylation  with  sodium  t-amyloxlde  was  attempted  in  toluene  and 
In  ether.  The  use  of  ether  was  recommended  where  the  ketone  is  es¬ 
pecially  prone  toward  self-condensation,  since  the  enolate  ion  is 
supposedly  more  stable  in  ether  than  in  toluene^ 3-Methyloctanone-2 
was  formed  in  only  trace  amounts  (l~2^  yields  based  on  VPC)  together 
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with  lesser  quantities  of  the  usual  contaminauit,  3-nonanone  (0.3- 

yields  based  on  VPC).  Both  experiments  led  to  the  recovery  of 
about  one-third  unaltered  alkylating  agent,  amyl  bromide.  The  major 
products  were  o^,/f-un8aturated  ketones,  a  pair  lower  boiling  and  a 
pair  higher  boiling  than  the  desired  ketone.  These  ketones  could 
result  by  dehydration  of  the  dl-  and  trl-  self-condensation  products 
of  butanonp 

Conla's  work  raises  the  hope  that  a  more  careful  choice  of 
alkylating  agent  and  ketone  might  lead  to  more  favorable  results.  He 
observed  that  dimethyl  sulfate  was  the  most  reactive  alkylating  agent 
In  the  sodium  t-amyloxlde- toluene  (or  ether)  base- solvent  system. 

One  could  attempt  tiie  alkylation  of  octanone-2,  a  ketone  less  suscep¬ 
tible  toward  self-condensation  than  butanone,  with  dimethyl  sulfate. 

The  final  evaluation  of  the  merits  of  the  direct  alkylation 
route  to  3-niethyloctanone-2  should  also  consider  whether  or  not  a 
separation  of  the  isomers  is  feasible  and  what  the  effect  on  the 
efficacy  of  the  ultimate  agent  would  be  if  it  were  derived  from  a 
mixture  of  these  isomers.  It  might  also  develop  that  the  rate  of 
reaction  of  the  two  ketones  with  3,5-dlmethoxyphenylmagnesltun 
chloride  is  sufficiently  different  to  enrich  the  product  carbinol 
with  the  desired  side- chain. 

(2)  3-Methyloctanone-2  from  2-Methylheptanonitriie 
3-Methyloctanone-2  cart  also  be  prepared  by  the  alkylation  of  proplo- 
nltrlle  to  2-methylheptanonltrlle,  followed  by  the  reaction  of  the 
latter  with  methyl  Qrlgnard  to  form  the  desired  ketone. 


CHsCHaCN  +  CgHiiX 


Na/llq.  NHs 


CHs 

CsHiiCHCN 


CHgMgBr 
EtaO  ^ 


CHs 

C5HiiCH(JCH3 

0 


Propionitrlle  was  alkylated^98)  with  1-chloropentane  using  sodium 
in  liquid  ammonia  to  give  a  6h%  yield  of  2-methylheptanonitrlle. 

Some  higher -boiling  by-product,  presumed  to  be  2-amyl-2-methyl- 
heptanonltrile,  was  also  obtained. 

The  2-methylheptanonitrlle  was  reacted  with  methylmagneslum 
bromide.  After  hydrolysis,  distillation  resulted  in  the  Isolation  of 
8-  765^  yield  of  3-methyloctanone-2  in  91  area-56  purity.  The  major 
contaminant,  8  area-jg,  v/ac  unrcacted  2-methylheptaiionitrile,  which 
could  not  be  conveniently  separated  by  distillation.  Increasing  the 
amount  of  Grlgnard  reagent  up  to  a  25?^  excess  did  not  result  in  any 
improvement . 

One  unsuccessful  attempt  was  made  to  hydrolyze  the  unreacted 
nitrile  so  that  the  acid  and  ketone  could  then  be  separated  by 
either  distillation  or  extraction  with  dilute  base.  More  work  could 
be  done  to  Improve  this  route  to  the  -ketone  If  the  other  problems 
associated  with  the  route  via  3-niethyloctanone-2  are  resolved. 

(5)  By  the  Alkylation  of  Acetoacetlc  Eater  Ethyl  2- 
acetylproplonate,  a  monoalkylated  ethyl  acetoacetate, -was  purchased 
and  alkylated^^^^  with  iodopentane  and  potassium  in  t-arayl  alcohol 
to  ethyl  2-acetyl-2-methylheptanoate  of  95  area-56  purity  by  VPC,  and 
7656  yield. 
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0 

CHaficHCOOEt  +  CgHnI 
CH3 


The  same  ester  had  also  been  obtained  by  the  alkylation  In  the  re¬ 
verse  order  (amylatlon  followed  by  methylatlon),  but  In  that  case, 
the  boiling  point  of  the  ethyl  2-acetjilheptanoate  was  too  close  to 
that  of  the  dlalkylated  ester  for  convenient  separation.  The  yield, 
based  on  VPC  (but  not  Isolable),  was  795^  of  92  area-jt  purity.  Substl 
tutlon  of  sodium  In  t-amyl  alcohol  for  the  potassium  lowered  the 
yield  to  36/^,  but  the  yield  was  unaffected  by  the  use  of  commercial 
potassium  t-butoxlde. 

Ethyl  2-acetyl-2-methylheptanoate  was  converted  to  3-methyl- 
octanone-2  by  decarboxylation  using  potassium  hydroxide  In  refluxing 

aqueous  methanol f 72 ) ^ 

0  C5H11  0 

CH3-C-CC00Et  +  OH"  ."pQg  ,  CH3CCHC5H11 
CH3 

5-Methyloctanone-2  of  98  area-5?  purity  was  obtained  In  6^5?  yield. 

The  overall  yield  of  3-methyloctanone-2  from  ethyl  acetoacetate  by 
this  method  la  365?. 

Although  this  route  could  not  be  commercially  practical  on  a 
large  scale,  because  of  the  low  overall  yield  and  relatively  high 
cost  It  Is  useful  for  laboratory  preparations  since  the  ketone  pre¬ 
pared  Is  not  contaminated  with  nitrile  or  with  any  close-boiling 
‘adulterant , 
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(4)  Prom  Acetaldehyde  and  2-Heptylmagneslum  Bromide  2-Hep- 
tylmagneslum  bromide  was  reacted  with  acetaldehyde  to  form  J-methyl- 
octanol-2,  which  was  then  oxidized  to  the  desired  ketone.  One  prepara¬ 
tion  of  this  alcohol  proceeded  through  the  succinic  acid  half-ester; 
the  second  avoided  the  use  of  this  intermediate. 


CsHiiCHBrCHa - ^QgHiiCHCHa 

PlgBr 


CH3CHO 


C5H11 


3 

OMgBr 


QH3 

CHOH 


The  use  of  the  succinic  acid  half-ester  followed  a  literature 
procedure^ and  resulted  in  a  575^  yield  of  5-methyloctanol-2  94^  pure 
by  VPG.  This  alcohol  was  oxidized  with  dichromate  according  to  Powell's 
procedure(^5)  to  give  a  65/^  yield  of  5-methyloctanone-2. 

When  the  unusual  use  of  succinic  anhydride  was  eliminated  from  the 
procedure,  a  mixture  of  27^  5-methyloctanol-2  and  5-methyloctanone-2 
was  formed,  which  could  be  oxidized  to  the  pure  ketone  in  755^  yield. 

This  method,  although  resulting  in  lower  total  yield,  requires  about 
half  the  work  of  the  succinic  acid  half-ester  method  when  done  on  the 
laboratory  scale. 

Whether  or  not  the  succinic  acid  half-ester  Is  made,  the  prepara¬ 


tion  of  3-methyloctanone-2  by  the  Grignard  reaction  with  acetaldehyde 
is  impractical  because  of  mediocre  yields  and  high  cost. 


(5)  From  the  Aldol  Ciondenaatlon  of  Butanone  and 
Valeraldehyde  An  approach  to  the  ^ntheslB  of  5-methyloctanone-2 
that  has  been  used  by  another  Chemical  Corps  contractor(®7)  jg 
the  condensation  of  butanone  and  n-valeraldehyde(65>66) ^  followed  by 
dehydration  and  hydrogenation  of  the  condensation  product. 

0|  OH  0 

CiHgCHO  +  CHaCHaCCHa  - ^  C4H9CH(;:HCCH3  +  side-product 

CHa 

la 

V 

0  0 

C4H9CH=CCCH3  . y.„.  C4H9CHaCHCCHa 

tHa  iha 


Interpretation  of  Instrumental  data  on  the  supposed  condensation 
and  dehydration  prodiicts,  A-hydroxy-5-methyloctanone-2^and  5-methyl- 
octene-3-one-2,  was  Inconclusive,  so  the  dehydrated  material  wae 
hydrogenated, 

The  product  of  this  hydrogenation  was'  a  mixture  of  two  saturated 
!  ketones.  The  desired  3-methyloctanone-2  made  up  about  40  area-J^,  and 

I  an  unknown  ketone  of  higher  retention  time  made  up  the  other  60  area-S^ 

on  the  VPC  of  one  distillation  cut  of  this  mixture,  shown  in  Figure  1. 

I 

I 

I 

% 

I 
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The  unknown  saturated  ketone  was  separated  by  VPC  from  one  of  the 
distillation  cuts  of  the  mixture  In  98  a.rea-%  purity.  The  infrared 
spectrum  of  this  component  is  shown  in  Figure  2.  This  component  has 
a  carbonyl  absorption  at  1712  cm"^  attributed  to  a  saturated  ketone 
(saturated  aldehydes  are  expected  at  around  1750  cm"^  and  saturated 
ketones  at  around  1715  Further  evidence  that  the  unknown 

component  was  probably  not  an  aldehyde  was  obtained  from  an  infrared 
spectrum  of  the  VPC-separated  unknown  component  run  at  higher  thickness. 
This  spectrum  showed  no  evidence  of  C-H  stretching  at  about  2720  cm"^, 
which  would  be  characteristic  of  an  aldehyde.  This  would  seem  to  rule 
out  the  possibility  that  the  unknown  major  component  was  2-amyl- 
valeraldehyde,  arising  from  the  self- condensation  of  valeraldehyde. 

An  isomeric  ketone,  nonanone-5,  would  arise  if  the  original 
aldol  reaction  took  place,  in  part,  on  the  methyl  carbon  of  the  buta- 
none  instead  of  on  the  methylene  carbon. 

C^HsCHO  +  CHaCHs^CHa  - ^  CH3CHg?CH2gHC4H9 — — ^CsHs^CsHia 

In  any  event,  the  reaction  scheme  seems  unsuitable  as  a  source 
of  the  desired  ketone.  The  conditions  used  were  identical  to  those 
in  the  literature^^5>66)  tpoge  that  were  used  by  another 

-'Chemical  Corps  contractor^ to  make  5-methyl-2-octanol . 


29 


J 


(6)  Prom  Epoxybutane  The  reaction  of  2, 5-epoxybutane 
with  an  amyl  organometalllc  was  suREested  In  the  hope  that  It  would 
provide  an  unamblguoue  and  relatively  inexpensive  route  to  the 
desired  ketone , 


CH3CHJHCH3 

0 


+  C5H11M — >- 


OH 

CHgCHCHCHa 

CsHix 


10] 


CHaCIJHCHa 

C5H11 


(M  =  metal) 


Reactions  of  this  type  have  been  reported(^^),  but  the  alkyl  metall- 
organlcs  give  considerably  lower  yields  than  the  aromatic  analogs(77)* 
The  scheme  had  the  advantage  that  only  a  single  Isomeric  alcohol 
could  be  formed  since  the  epoxide  is  symmetrical. 

The  use  of  amyl  Qrlgnard  for  OsHuMwas  considered  but  rejected, 
since  the  presence  of  magnesium  halide,  a  Lewis  acid,  in  the  Qrlgnard 
reagent  is  known  to  catalyze  the  isomerization  of  epoxides  to  ketones 
(95), 

Two  experiments  were  performed  using  amyl  sodium  and  2,5-epoxy¬ 
butane.  The  first  experiment,  utilizing  commercial  amyl  sodium  and 
2,5-epoxybutane  (l;l  molar  ratio),  resulted  in  a  2^^  yield  (determined 
by  VPC)  of  what  apparently  was  the  desired  carblnoi;  The  second 
experiment,  utilizing  2,5-epoxybutane  and  amyl  sodium  in  situ  (2:1 
molar  ratio),  resulted  in  a  6$^  yield  of  carblnoi  as  determined  by 
VPC. 


A  single  experiment  was  performed  using  butyl  lithium  and  2,3- 
epoxybutane  to  see  whether  or  not  a  lithium  alkyl  would  react  more 
favorably  with  2,3-epoxybutane  than  had  amyl  sodium.  Butyl  lithium 
was  chosen  since  it  was  readily  available  and  behavior  of  this  re¬ 
agent  should  reflect  potential  behavior  of  amyl  lithium.  Butyl 
lithium  was  reacted  with  2,3-epoxybutane  (1:1  molar  ratio),  and  re¬ 
sulted  in  only  656  yield  of  carblnol  as  determined  by  VPC, 

The  experiment  with  butyl  lithium  was  carefully  evaluated  in  an 
attempt  to  determine  what  had  happened  to  the  bulk  of  the  starting 

epoxide.  The  carblnol  produced  by  the  reaction  was  most  probably 
the  desired  one,  since  its  infrared  spectrum  exhibited  absorption 

characteristic  of  a  secondary  alcohol,  bonded  -OH  at  3350  cm"^,  and 
C-0  bend  at  1100  cm"^.  A  small  quantity  of  material  was  obtained 
that  exhibltea  Infrared  absorption  characteristic  of  carbonyl  func¬ 
tion  and  ethylenlc  unsaturation.  This  suggests  that  a  portion  of  the 
starting  epoxide  may  have  been  isomerlzed  to  butanone,  which  then 
self-condensed  to  a  ketol  that  underwent  dehydration  during  distilla¬ 
tion  of  the  reaction  products.  Also  a  small  amount  of  relatively 
high  boiling  hydrocarbon  was  detected,  possibly  a  dimer  of  3-methyl- 
heptene-2.  Such  a  product  could  result  by  alfln  catalysis^^^)'  in¬ 
volving  butyl  lithium  and  lithium  alkoxlde  on  a  reaction  intermediate. 
The  products  previously  discussed  still  do  not  account  for  the  bulk 
of  the  starting  epoxide.  It  would  appear  that  most  of  the  epoxide 
had  been  lost  during  the  distillation  of  reaction  solvents  (hexane 
and  octane)  at  atmospheric  pressure.  The  infrared  spectrum  of  re- 


covered  reaction  solvent  exhibited  a  medium  Intensity  band  at  1125 
cm“^  that  could  be  due  to  the  presence  of  an  alkyl  ether.  This 
absorption  band  was  not  exhibited  by  the  starting  epoxide.  Such  a 
product  could  be  accounted  for  by  the  dimerization  of  the  starting 
epoxide  to  ^yiiL-tetramethyldloxane,  The  dimerization  of  ethylene  and 
propylene  oxides  to  dloxancs  Is  a  known  reaction . 


CH3CHCHCH3 

0 


A 

CH3(j;H  (jlHCHg 
CH3CH  ^HCH3 

^0' 


Since  the  reaction  of  2,5-epoxybutane  with  metal  alkyls  produced  only 
negligible  yields  of  carbinols,  no  major  effort  was  made  to  prove  the 
above  conjecture.  Sufficient  evidence  was  obtained,  however,  to 
Illustrate  the  complexity  of  this  reaction,  and  Its  impractical Ity 
as  a  route  to  5-methyloctanone-2. 

Die thylmagne slum,  free  of  magnesium  halide,  has  been  reported 
^96)to  give  a  higher  yield  of  3-methylpentanol-2  with  c^-2, 3-epoxy¬ 
butane  than  it  does  with  the  trans-isomer .  This  would  suggest  that 
the  exclusive  use  of  cls-2 . 3-epoxybutane  would  be  required  for' 
optimum  yields  In  the  present  experiment.  Since  only  traces  of  the 
desired  carblnol  were  obtained  using  the  commerlcal  mixture,  which 
contains  substantial  proportions  of  both  cis  and  trans -Isomers,  the 
results  did  not  Justify  further  Investigation  using  pure  cls-lsomer. 


(7)  From  the  Oxo  Reaction  In  the  past  there  hwB  been 
dlBcusBlon  of  a  preparation  of  3-jnethyloctanone-2  via  an  aldehyde, 
2-methylheptaldehyde,  obtained  from  the  oxo  reaction.  The  over-all 
scheme  would  be: 

CHs 

CsHuCH^CHa  - ►  C5H11CHCHO 

I’D  7  « 

CHaNgX  ^  C5H11CHCHCH3  ^  -  >  CsHiiCHCCHs 

The  route  has  not  been  examined  on  a  laboratory  scale.  Its  cost  is 
discussed  below. 

(8)  Relative  Coats  of  the  Moat  Practical  Routes  to  3-Methyl- 
octanone-2  A  rough  raw  material  cost  calculation  was  made  for  the 
preparation  of  the  ketone  by  the  alkylation  of  butanone,  assuming 

a  55/^  yield  of  3-methyloctanone-2  from  l-bromopentane,  the  cost  of 
liquid  ammonia  negligible  since  It  ehould  be  recoverable,  and  l-bromo¬ 
pentane  available  at  $1. 15/lb. 


Raw  Material 

Cost/lb 

Pounds  required 

Total  cost 

Butanone 

$0,125 

0.95 

$0,116 

l-Bromopentane 

1.15 

1.95 

2.24 

Sodium 

0.16 

0.318 

0.045 

Total  raw  material  cost/lb  of  ketone  $2,301 

The  highest  single  raw  material  cost  (975^  of  the  total)  is  that  of 
1-broraopentane .  It  would  be  desirable  to  obtain  a  firm  price  quota¬ 
tion  on  this  material  in  the  required  quantities.  This  is  a  one- 
step  route. 
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The  preparation  of  3-methyloctanone-2  via  2-methylheptanonitrlle 
is  based  on  proplonltrlle  which,  while  not  at  present  available  in 
bulk,  should  easily  be  obtained  at  reasonable  price  by  hydrogenation 
over  palladium  of  acrylonitrile  at  2^  cents  per  lb  or  by  the  reaction 
of  diethyl  sulfate  at  19  cents  per  lb  with  sodium  cyanide  at  I9  cents 
per  lb.  The  use  of  sodium  In  liquid  ammonia  for  the  alkylation  would 
be  both  economical  and  easily  handled  on  a  large  scale.  This  route  has 
been  successful  with  1-chloropentane,  the  lowest  priced  of  the  amyl 
halides.  The  overall  yield  for  the  two-step  route  is  42^,  corrected 
for  purity. 

The  ethyl  acetoacetate  route  has  consistently  given  ketone  of 
high  purity  (over  98  area-J^}  while  the  best  material  obtainable  from 
proplonltrlle  has  been  about  915°  pure.  The  former  route  stax’ts  from 
ethyl  acetoacetate  at  58  cents  per  lb  and  involves  two  alkylations 
with  potassium  in  t-amyl  alchol,  which  would  be  an  expensive  condensaT 
tion  agent.  In  order  to  obtain  the  yield  mentioned  above,  the  alkyl 
iodides  were  used.  Alkyl  iodides  are  expensive  and  not  readily  avail¬ 
able.  To  approach  an  economical  process,  the  iodine  would  have  to  be 
recovered  as  potassium  iodide.  This  would  require  additional  processing 
While  substitution  of  the  iodides  by  chlorides  would  greatly  reduce 
costs,  their  use  m^ht  appreciably  lower  the  yield.  The  use  of  bromides 
would  be  expected  to  lower  the  yield  somewhat  and  would  also  probably 
require  recovery  of  the  bromine  as  potassium  bx’omide  to  be  economical. 
The  overall  yield  for  the  three-step  route  from  ethyl  acetoacetate  is 

56^. 
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In  past  dlBCUssions  of  the  oxo  reaction  route,  It  was 
taken  for  granted  that  the  oxo  aldehyde  would  be  Inexpensive  by 
analogy  with  common  commercial  examples.  This  line  of  reasoning 
Is  correct  only  if  heptene-1  is  available  at  a  very  low  cost. 
Humphrey- Wilkinson  Co.  of  North  Haven,  Conn.,  quoted  a  price  to  us 
of  $2.25  per  pound  In  16,500  pound  lots  for  heptene-1.  While  it  . 
is  acknowledged  that  this  price  is  unrealistic.  It  still  might 
indicate  that  a  good  grade  of  the  olefin  would  be  fairly  expensive. 
Since  heptene-1  has  an  odd  number  of  carbon  atoms  it  is  not  likely 
to  be  available  from  the  dimerization  of  propylene  or  some 
similar  reaction.  This,  plus  the  fact  that  the  0x0  reaction  would 

give  two  products,  CsHn^CHO  and  CsHuCHaCHzCHO,  could  make 
2-methylheptaldehyde  fairly  expensive. 

Once  this  aldehyde  is  obtained,  two  more  steps  are  required 
to  get  3-inethyloctanone-2.  The  first  of  these  is  a  Orignard 
reaction,  which  should  go  in  good  yield.  Orignard  reactions  are 
expensive,  and,  while  they  can  be  run  on  a  large  scale,  they  present 
some  problems  that  are  avoided  by  the  more  direct  amylation  of 
butanone.  The  other  reaction  required.,  the  oxidation  of  3-methyl- 
ootanol-2,  should  present  no  problems. 

b.  Reaction  of  3-Methyloctanone-2  and  3,5-Dimethoxyphenyl- 
magnesium  Chloride  This  reaction  proceeds  to  form  the  desired 
2-(3,5-dimethoxyphenyl)-3-methyloctanol-2,  but  its  complication  by  a 
side  reaction  was  not  discovered  until  a  large,  preparative  run  was 
made. 
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The  results  of  the  distillation  of  a  O.67  mole  run  are  shovm 
In  Table  2. 

Table  2 

DISTILLATION  OF  QRIGNARD  REACTION  PRODUCTS 


Cut  1 

Cut  2 

Cut  3 

Cut  4, 

Bolling  point,  “C/min 

to  80/ 

0.35 

80-138/ 

0.45 

134-6/ 

0.25 

140-7/ 

0.25 

Weight,  g 

26.4 

10.3 

30.6 

82.0 

Products,  area-?^ 

5-Methyloctanone-2 

5.8 

9.1 

25.6 

3.9 

1-  Chloro-3, 5-dlinethoxybenzene  16 . 5 

46.0 

ffi-Dlmethoxybenzene , 

76.9 

unknown 

1.0 

23.0 

39.2 

3.6 

2- (3, 5-cllinethoxyphenyl)-3- 
inethyloctanol-2 
(desired  product) 

8.5 

30.4 

92.5 

Jl-Dimethoxybenzene,  which  was  the  major  component  in  the  first 
fraction,  was  collected  by  VPC  and  Identified  by  its  infrared  speo- 
tman.  This  product  could  only  arise  from  the  hydrolysis  of  unreacted 
Orlgnard  reagent.  The  amount  obtained  represents  about  255^  of  the 
chloride  used.  In  addition,  8^  of  the  starting  chloride  was  recovered 
unchanged.  The  following  conclusions  were  reached  as  a  result  of  these 
figures.  First,  Qrlgnard  formation  could  have  occurred  in  as  high  as 

'Ji 


^2$  of  theory  since  only  8^  of  the  starting  chloride  was  recovered  un¬ 
changed.  Second,  only  69^  of  the  chloride  used  ever  was  Involved  In 
the  formation  of  the  desired  product.  This  means  that  while  the  con¬ 
version  to  product  was  only  50^,  the  yield  was  73/^*  Third,  since  a 
large  amount  of  m-dlmethoxybenzene  (equivalent  to  25^  of  the  starting 
chloride)  was  recovered  apparently  owing  to  Grignard  hydrolysis,  a 
side  reaction  was  competing  with  the  Grignard  reagent  for  the  ketone. 

A  disturbing  feature  of  the  analytical  results  was  the  presence 
of  the  very  low  boiling  starting  ketone  in  all  the  distillation 
fractions  regardless  of  boiling  point.  It  would  seem  unlikely  that 
this  was  original  unreacted  ketone  but  rather  that  it  was  forming 
as  a  result  of  a  decomposition  either  during  distillation  or  on  the 
VPC  column. 

The  unknown  component  was  collected  by  VPC  and  Its  infrared 
spectrum  obtained.  It  was  not  aromatic  and  its  spectrum  showed  two 
carbonyl  abosrptions  and  aliphatic  unsaturation.  It  was  concluded 
that  this  unknown  is  very  likely  an  aldol  condensation  product  of 
3-methyloctanone-2  that  undergoes  thermal  decomposition  to  the  start¬ 
ing  ketone  on  distillation. 

The  most  reasonable  explanation  for  all  of  the  above  observation^ 
is  that  the  Grignard  reagent  is  greatly  deactivated  by  the  very  power¬ 
ful  coordination  effect  of  the  tetrahydrofuran  solvent  and  therefore 
reacts  slowly  with  the  ketone.  The  Grignard  intermediate  ROMgCl  is 
known  to  catalyze  aldol  condensations ^55) _  iphe  following  quotation 
is  from  a  paper(^l)  t,y  Hickinbottom  and  Schluchterer .  "The  structure 
of  the  ketone  is  also  an  important  factor  (in  condensation);  those 
with  an  available  hydrogen  ad.lacent  to  the  carbonyl  and  a  slow  rate  of 
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reaction  toward  Grignard  reagents  condense  more  readily.  If  they 
react  with  Grignard  reagents  which  do  not  cause  reduction,  such  as 
the  arylmagneslum  halides,  the  formation  of  the  condensation  is  still 
more  favored".  Thus  conditions  are  ideal  for  condensation,  and  in 
this  particular  case  it  competes  very  well  with  Grignard  addition. 

It  was  hoped  that  displacement  of  the  tetrahydrofuran  with  a 
higher  boiling  solvent  of  weaker  coordinating  ability,  such  as  dl butyl 
ether,  or  diglyme  would  Increase  the  reactivity  of  the  Grignard  re¬ 
agent  to  a  point  where  condensation  could  not  compete.  Unfortunately, 
substitution  of  either  of  these  solvents  resulted  in  no  decrease  of 
the  aldol  side-reaction. 

The  side-reaction  is  perhaps  the  largest  stumbling  block  in  the 
way  of  the  use  of  5-methyloctanonc-2 .  When  2-( 5, 5-dimethoxyphenyl)- 
5-methyloctanol-2  is  formed  from  the  Grignard  reagent  and  2-methylhep- 
tanonitrile  and  a  subsequent  Grignard  step,  no  such  aldol  side-reaction 
is  possible. 

c .  Reaction  of  2-Mebhylheptanonitrlle  and  3, 5-Dlmethoxyphenyl- 
magneslum  Chloride;  Synthesis  of  2-(3i 5-Dlmethoxyben2oyl)heptane  The 
preparation  of  2-methylheptanonitrile  from  propionitrile  was  described 
above  in  Section  II. A. 5. a. 2. 

The  reaction  of  2-methylheptanonitrlle  with  5,5-dlmethoxyphenyl- 
magnesium  chloride  resulted  in  a  71^  yield  of  2-(5,5-dimethoxybenzoyl)- 
heptane,  94  area-jg  pure  by  vapor  phase  chromatography  (VPC).  ' 
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The  literature indicates  that  similar  reactions  of  aryl  Qrignard 
reagents  vdth  higher  aliphatic  nitriles  have  resulted  in  the  Isolation 
of  aryl  alkyl  ketones  in  80  to  90^  yields.  The  probable’  reason  for 
the  lower  yield  in  this  v-ase  is  Incomplete  Qrignard  formation. 
Indications  are  that  the  reaction  of  1 -ch loro -5,5- dlmethoxy- 
benzene  with  magnesium  has  been  producing  Qrignard  reagent 
in  only  70  to  of  the  theoretical  yield.  Taking  this  into 
consideration,  the  yield  of  2- (5,5-dlmcthoxybcnzoyl)heptanc 
would  be  about  855^. 


d .  2-(3.5-I>imethoxyphenyl)-5-methyloctanol-2  from  2-l5,5-Dl- 
methoxybenzoyl) heptane  (the  Nitrile  Route)  The  reaction  of  2-C3,5- 
dimethoxybenzoyl) heptane  with  methylmagneslum  bromide  resulted  in  a 
9^-3^  yield  of  2-(5»5-dimethoxyphenyl)-3-methyloctanol-2  based  on  VPC 
analysis  of  the  cruet  product.  Distillation  resulted  in  the  isola¬ 
tion  of  this  product  in  greater  than  9^'  area-5^  purity. 


MeO 


11 

+  CHaMgBr 


HO  CHa 
I  r 

HsC-C-CHCsHii 

6 

MeO  OMe 
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It  muot  be  noted  that  the  nitrile  route  to  2-(3j5-diniethoxyphenyl)- 
3-methyloctanol-2  is  the  same  as  the  ketone  route  when  the  ketone  is 
prepared  from  2-methylheptanonitrile .  The  only  difference  is  the 
order  in  which  3> 5-dimethoxyphenylniagnesium  chloride,  2-methylhep- 
tanonitrlle,  and  methylmagnesium  bromide  are  reacted  with  one  another. 

The  over-all  yield  of  2-( 3, 5-dlmethoxyphenyl)-3-met-hyloctanol-2  via 
3-methyloctanone-2  prepared  from  2-methylheptanonitrile  and  methyl- 
magnesium  bromide  is  while  it  is  62%  when  2-methylheptanonitrile 
is  first  reacted  with  3»  5-dimethoxyphenylmagnesiuir.  chloride  and  the  re¬ 
sulting  2- (3j5-dimethoxybenzoyl) heptane  then  reacted  with  the  methyl- 
magnesium  bromide. 

e .  Comparison  of  the  Two  Houtes  to  2-(3t 3-Dimethoxyphenyl)-3- 
mRthyloptanol-P  The  recommended  route  to  this  oarblnol  from  3>5- 
dimethoxyphenylmagnesium  chloride  is  the  route  via  2-methylheptano- 
nitrile . 

The  route  via  3-methyloctanone-2  would  be  preferred  if  the  self¬ 
condensation  of  that  ketone  during  the  Grignard  reaction  could  be 
suppressed  and  if  a  really  satisfactory  and  economical  preparation  of 
3-methyloctanone-2  could  be  devised.  After  a  reasonable  effort  we 
were  unable  to  avoid  the  self- condensation  and  can  see  no  solution  to 
that  problem.  Evaluation  of  the  projected  preparation  of  3-methyl- 
■  octanone-2  from  2-methylhexaldehyde  prepared  by  an  oxo  reaction  would 
have  to  be  made  on  the  basis  of  cost  Information  and  estimation.  Lab¬ 
oratory  work  might  not  be  very  helpful  on  that  question.  It  appears 
quite  certain  from  our  work  during  the  first  year  that  3-methyloctanone-2 
can  never  be  obtained  by  the  aldol  reaction  of  valeraldehyde  and 
butanone  unless  a  method  for  separating  close-boiling  Isomeric  products 

can  be  discovered,  wliich  is  Improbable. 
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4 .  3-Dliiiethoxyphenyl)-3-»«ethylootene3  and  2-(3i5--Dlmethoxy- 

phenyl) -3-iiiethyloctane  The  dehydration  of  2-{3,‘3-dlmethoxyphenyl)- 
3-raethyloctanol-2  resulted  in  an  855^  yield  of  2-(3>3-dlmethoxyphenyl)- 
3-methylocteneB-l  and  -2  which  was  95  area-<i;  pure.  According  to  the 
Infrared  spectrum,  the  mixture  was  predominantly  the  terminal  olefin 
dl  pair.  The  olefin  mixture  was  reduced  to  the  corresponding  octane 
using  10!  of  655(1  nlckel-on-kleselguhr  at  125‘’C  and  hydrogen  at  1750- 
2500  pslg  for  six  hours . 


It  was  not  possible  to  distinguish  between  the  product  and  the 
olefin  mixture  using  VPC  and  infrared,  but  the  llterature( 1)  indicates 
that  ultraviolet  will  distinguish  between  these  materials.  The  example 
in  the  literature  involved' 2- (3, 5-dlmethoxyphenyl)-3-inethylheptene-2 
and  the  corresponding  heptane. 


They  found  that  the  saturated  material  showed  a  minimum  in  the  ultra¬ 
violet  at  240-250  while  the  olefin  did  not.  Our  product  showed 
adsorption  maxima  at  272  and  278  and  a  minimum  at  247  nyo-  .  The 
starting  material  did  not  show  a  minimum. 
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We  frequently  experienced  difficulty  with  catalytic  reductlona 
of  Intermediates  In  this  series,  as  have  other  workers(l).  We  were 
also  unable  to  catalytlcally  hydrogenolyze  the  carblnol,  a  sub¬ 
stituted  benzyl  alcohol^®)  using  nlckel-on-kieselguhr,  copper  chromite, 
or -platinum  oxide  catalysts,  pressures  ranging  from  50  to  2500  pslg, 
and  temperatures  ranging  from  50  to  250“ C,  These  difficulties  appear 
to  be  due  to  initial  poisoning  of  the  catalyst.  The  recommended  pro¬ 
cedure  is  to  discard  the  catalyst  after  an  unsuccessful  hydrogenation 
attempt  and  try  again  with  fresh  catalyst.  One  or  two  successive 
treatments  with  fresh  catalyst  and  hydrogen  under  pressure  suffice  to 
remove  the  poison  and  the  desired  reduction  will  take  place  on  the 
next  attempt. 

This  method  of  poison  removal  might  also  work  on  the  direct 
hydrogenolysis  of  the  carbinol  to  2-(  5, 5-dimethoxyphenyl) -5-methyl- 
octane. 
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5..  2-(3.5-Dihydroxyphenyl)-3-methyloctane  fl)  2-(3,5-Dlraethoxy- 
phenyl)-3-methyloctane  was  treated  with  48$^  hydrobromic  acid  in 
glacial  acetic  acid  according  to  the  Army  Chemical  Center's  procedure, 
a  modification  of  the  method  of  Suter  and  Weston(95) .  The  procedure 
permitted  recovery  of  uncleaved  starting  material.  The  yield  of 
cleaved  product  was  90^  (98.5  area-J^  pure  by  VPC),  with  a  conversion 
of  78jg. 
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A  sample  of  this  product,  2-(5,5-d:i-hydroxyphenyl)-5-methyl- 
octane,  I,  bp  154'’C/0.2^  mm,  was  delivered  to  the  Army  Chemical 
Center  on  19  January  ig62. 

B.  WITTIG  ROUTE  TO  2- ( 3, 5-DIHYDR0XYPHENYL)-3-METHYL0CTANE  (i) 

The  Wittlg  route  was  abandoned  as  being  of  no  further  practical 
Interest  because  it  was  based  on  an  expensive  starting  material  and 
because  two  key  reactions  failed  to  take  place  to  a  reasonable  ex¬ 
tent  . 

’The  route  was  based  on  the  preparation  of  5, 5-dlmethoxyaceto- 
phenone  and  the  Wlttig  reagent  from  2-bromoheptane  and  their  expected 
reaction  to  form  the  important  olefin,  2-(3,5-dimethoxyphenyl)-5- 
methyloctene-2. 

CHa 


0=CCH3  H3CC=CC5Hii 


a.  From  3i 5-Dimethoxybenzonltriler  In  the  laboratory, 

_the  most  convenient  preparation  of  the  acetophenone  was  from  the 
Corresponding  nitrile,  supplied  for  this  work  by  the  Chemical  Corps, 
The  ultimate  source  of  the  nitrile  Is  3, 5'-dlhydroxybenzolc  acid, 
which  would  be  an  expensive  starting  material. 


5,5-Dlhydroxybenzol  c  acid  was  methylated.  The  resulting  3,5- 
dlraethoxyhensolc  acid  was  converted  to  the  amide  and  dehydrated  to 
the  nitrile.  The  nitrile  was  reacted  with  tnethylmagneslum  bromide 
to  form  the  desired  3^ 5-dimethoxyacetophenone  by  a  published  pro¬ 
cedure^  in  a  64$^  yield. 

COOH  COOH  CONHa  CN  0=CCH3 

j^+ MeaSO^-*  ^  -jigO^ 

Med*^^  OMe  MeO*^  OMe  MeO^^OMe  MeO"^*^OMe 


b.  Prom  3,5-Dlmethoxyben2oyl  Chloride  This  waa  a  more 


Involved  procedure  and  would  probably  not  have  been  suitable  for 
large-scale  production  because  of  problems  associated  with  the  organo- 
cadmlum  reagent  required. 

3,5“Dlhydroxyben2oic  acid  was  methylated  with  dimethyl  sulfate 
to  fonn^^S)  5,5-dimethoxybenzolc  acid.  This  was  converted  to  its 
acid  chloride  with  thlonyl  chloride  by  the  method  of  Munch-Petersen^^^ 
in  an  875^  yield.  The  acid  chloride  was  reacted  with  dimethyl  oadmium 
according  to  the  general  procedure  of  Cason  and  coworkers^^^^  in 
64j^  yield. 


A 


0=CCH3 


+  SOCla 


Aj  CdMeg 


c.  Via  Mathyl  Lithium  This  procedure  was  less  satisfactory 
because  of  low  yields. 

Methyl  lithium  was  reacted  directly  with  3, 5-diiiiethoxybenzoic 
acid  in  an  attempt  to  make  the  acetophenone,  but  the  highest  yield 
attained  was  only  35/^  (by  VPC) .  3,5-Dlinethoxy-a-methyiBtyrene  was 
also  obtained  as  a  by-product. 


OLl 

CH3COLI 


O^G'CHa 


CHe=CCH3 


+  2CH3LI 
■OMe 


•jfS  — ^  jfS  +  ifS 


Extra  precautions  such  as  smaller  metal  particle  size,  use  of  a 
Dry  Ice  condenser  to  avoid  loss  of  iodomethane  during  methyl  lithium 
formation,  and  the  use  of  Inverse  addition,  did  not  improve  the  yield, 

2.  Quaternlzatlon 

The  sequence  of  reactions  desired  was  the  reaction  of  2-bromo- 
heptane  with  a  trisubstltuted  phosphine  to  give  a  quaternary  phos- 
phonium  bromide  that  would  be  dehydrobrominated  with  butyl  lithium 


to  give  the  ylene. 

Br 

I 

C5H11CHCH3  +.rPR3 


CH3  CH3 

[CsHijCHPRa]  Br"  .  v  C5HiiC=PR3 


The  large  amount  of  premature  dehydrobromlnation  accompanying 
the  quaternlzatlon  step  was  the  main  reason  for  abandoning  further 
work  on  the  Wittlg  route. 


)16 


a.  g-Bromohfeptane  2-Br6itiohaptane  wan  prepared  In  two 
steps  from  hexanal  by  treatment  with  methylmagneslum  bromide  to 

produce  2-heptanol,  which  was  then  treated  with  phosphorus  tribromide. 

The  respective  yields  were  875^  and  88^. 

Oil  Br 

'  PBr-i  I 

CsHiiCHO  +  CHqMgBr - y-  C5H11CHCH3 -  >-  C5H11-CHCH3 


Baler  It  was  poeriih'.e  to  purchase  the  bromide  directly. 

b .  The  Competition  between  Quaternizatlon  and  Dehydro- 
bromlnatlon  Wlttlg  reactions  are  normally  run  with  triphenyl- 
phosphlne  as  the  trisubstltuted  phosphine.  Since  this  reagent  Is 
relatively  expensive,  it  is  a  severe  disadvantage  that  the  final 
oxidation  product,  briphenylphosphlne  oxide,  cannot  be  reduced  back 
to  triphenylphosphlne  and  recycled.  For  this  reason,  some  of  the 
experiments  were  run  on  tributylphosphlne .  Trlbutylphosphlne  oxide 
can  be  reduced  and  recycled. 


Isolation  of  heptene-1  and  heptene-2  from  attempted  quatemization 
reactions  demonstrated  that  the  following  competition  was  taking  place. 


R 


3P  +  CH3CHCHgC4Hg 


CHa 
+  I 

RaPCHCsHii 


Br" 


+  -  - 

iRsPHjBr"  +  CH3CH=CHC4H9 


(also  +  CHg=CHCH2C4H9) 


The  experimental  results  are  summarized  in  Table  5. 


Table 
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The  heptene  formation  was  not  due  to  simple  thermal  denompo- 
sltlon  of  the  alkyl  bromide  since  the  heating  of  2-bromoheptane 
at  110-120®C  for  66  hours  resulted  only  In  recovery  of  the  halide. 
yjPC  Indicated  that  no  heptene  was  formed. 

Lowering  the  reaction  temperature  favors  the  desired  reaction; 
howeverj  with  trlbutylphosphlne,  the  amount  of  heptene  formed  even 
at  lower  tenperatures  was  still  too  high  to  make  Its  use  practical 
In  the  synthetic  scheme  under  investigation.  With  trlphenylphos- 
phine,  lower  temperatures  gave  almost  exclusively  the  desired 
reaction,  but  the  reaction  time  required  to  obtain  complete 
quaternlzatlon  would  be  prohibitive  on  anything  other  than  a  very 
small  scale,  even  If  the  desli’ed  product  were  foimed  In  the  subse¬ 
quent  step.  Comparison  of  the  use  of  the  two  phosphines  In  the 
reaction  indicates  that  much  more  dehydrobromination  Is  observed 
with  trlbutylphosphlne  than  with  trlphenyiphosphlne.  This  is  not 
unexpected  in  view  of  the  basicities  of  the  two  materials  [pKg^  of 
BusP  is  8.4  va  pK^  of  03P  Of  2.73^ ^9)] 


3-  Ylene  Formation  and  the  Attempted  Wlttlg  Step 

After  the  premature  dehydrobromlnatlon  was  understood,  a  final 
attempt  at  ylene  formation  and  reaction  with  3,5-dlinethoxyaceto- 
phenone  was  made.  Careful  examination  of  the  final  reaction  mixture 
on  a  hlgh-temperatui‘e  vapor  phase  chromatograph  showed  no  significant 
quantity  of  product  with  the  retention  time  of  either  of  the  two 
isomers  of  the  authentic  2-(3»5-<ilmethoxyphenyl)-3-methyloctene-2. 

The  conclusion  Is  unavoidable  that  attempts  to  make  the  desired 
Intermediate  via  the  Wlttlg  reaction  have  been  unsuccessful  and  offer 
no  promise,  as  far  as  can  be  seen. 

C.  THE  MEERWEIN  REACTION  ROUTE  TO  2- (3.  5-DIHYDROXYPHENYL) -3-METHYL- 
OCTANE  (I) 

The  Meerweln  reaction  is  the  arylation  of  olefins  with  dlazonium 
salts  with  the  evolution  of  nitrogen.  The  halogen  is  usually  lost 
and  in  most  cases  the  product  Isolated  is  the  olefin.  The  reaction 
has  been  recently  reviewed^'  \ 

The  application  of  this  reaction  that  was  proposed  for  the 
present  problem  was  the  reaction  of  5»5-dlmethoxyphenyldlazonlum 
chloride  and  ethyl  2-ethylideneheptanoate. 

NHa  Nz'^Cl  „  „ 

HCl.  1 

+  CH3CH=C-COaE4 
OCH3  CHaCr'^  OCHs 


CH 


C5H11 
CHaCH-C-COgEt 
'  Cl 


-HCl 


CHa  CgHii 

irssi-COaEt 
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This  reaction  was  run  once,  but  was  unsuccessful.  The  unsaturated 


estver  was  tried  first  because  it  was  most  readily  obtained,  but  a 
much  more  reactive  class  of  olefins  are  the  c>^l<?-unoaturatcd  nitriles^  . 
Any  future  work  ahould  involve  the  use  of  an,j^,^-unsaturated  nitrile. 

1 •  Preparation  of  Ethyl  P-Ethylideneheptanoate 

a.  Ethyl  2-Acetylheptanoate  Aoetoacetic  ester  was 
alkylated  with  1-bromopentane  to  ethyl  2-acetylheptanoate  in  59^  yield. 

0  0 
CHaCCHaCOOEt  +  CsHuBr  — ►  CHaC^HCOOEt 

CsHii 

The  VPC  of  the  product  showed  three  peaks  consistent  with  the 
assignments  given  in  Table  4. 


Table  4 

COMPONENTS  OP  ETHYL  2-ACETYIiHEPTANOATE 


Retention 
Time,  min. 

Area-^ 

AsslKnment 

4.1 

4 

enol  with  alkyl 
groups  els 

HO-  -COOEt 

X 

HgC  CsHll 

0 

5.5 

95 

keto  form 

CHsftcHCOOEt 

C5H11 

7.7 

5 

enol  with  alkyl 
groups  trans 

HO^  CsHii 

c=c' 

H3C'  ''COOEt 

The  assignment  is  made  on  the  basis  of  the  following  assumptions: 
the  enol  form  with  the  alkyl  groups  els  would  be  more  prone  to  Intra¬ 
molecular  hydrogen  bonding  between  the  proton  of  the  hydroxyl  group 


and  the  carbonyl  group  than  would  the  other  enol  form,  so  the  form 
with  alkyl  groups  trans  would  be  expected  to  boll  higher  than  its 
geometric  Isomer,  or  than  the  keto  fom,  if  the  intramolecular  hydro¬ 
gen  bonding  is  sufficiently  inhibited. 

b.  Ethyl  2-(l-Hydroxyethyl^heptanoate  Ethyl  2-acetyl- 
heptanoate  was  catalytic  ally  reduced  to  the  desired  hydreweBter  in 


94^  yield.  ■ 

C5H11 

CsHii 

CHaCOCHCOOEt  +  Hg  - 

— r-  CHaCHCHCOOEt 
OH 

.Although  the  infrared  spectrum  of  this  compound  Was  quite  con¬ 
sistent  with  the  proposed  structure,  the  VPC  showed  two  major  com- 


ponents; 

Retention  Time, 
min. 

Area-56 

Assignment 

1.5 

1.2 

- 

2.4 

4.7 

Ethyl  2-acetylheptanoate 
{ s  t  art Ing  mate  rial ) 

5.1 

42.1 

5.4 

52.0 

The  5.1-  and  5.4-minute  peaks  were  incompletely  resolved,  so  their 
proportions  relative  to  one  another  could  not  be  measured  exactly. 
They  are,  at  least,  of  approximately  equal  concentration. 


Examination  of  the  structure  of  ethyl  2-(l-hydroxyethyl)- 
HO  C  H 

heptane  ate,  i  ysnu  ^  shows  that  the  compound  contains  two 
CHa-^-^-COOEt 

dissimilar  asymmetric  centers  and  thus  would  exist  as  two  ^  pairs. 

The  ratio  of  intramolecular  and  Intermolecular  hydrogen  bonding 
between  the  hydroxyl  proton  and  the  carbonyl  oxygen  again  plays  a 


532 


part.  It  can  be  shown  that  the  two  ^  pairs  would  have  different 
possible  conformations  with  respect  to  this  hydrogen  bonding  pos¬ 
sibility.  VPC  would  not  be  expected  to  resolve  enantlomorphs  in 
either  pair  but  might  very  well  have  separated  the  two  pairs. 

c.  Ethyl  P-Ethylldeneheptanoate  Ethyl  2-(l-hydroxyethyl)- 
heptanoat.e  was  recovered  unchanged,  no  dehydration  to  any  unsa 
ester  having  taken  place  when  the  mild  dehydrating  agents,  dry 
hydrogen  chloride,  Iodine  in  refluxing  benzene,  and  fused  potassium 
acid  sulfate,  were  used. 

When  the  stronger  agents,  phosphorus  pentoxide  and  phosphorus 
oxychloride,  were  used,  dehydration  to  the  desired  o/,y5-e3ter  occurred, 
accompanied  by  varying  atriourits  of  the  ^  ,'r'-ester,  ethyl  2-vlnylheptanoate . 

Cshu  CsHii 

CHaCHCHCOOEt  -HgO  - >r  CH3CH=CC00Et  +  CHg^CHCHCOOEt 

6h 

Et  2-ethylldene-  Et  2-vlnylhepta- 

heptanoate  noate 

V^-eater"  ”^,r-eBter” 

The  ethyl  2-vlnylheptanoate  was  successfully  eliminated  from 
the  products  by  running  the  dehydration  with  phosphorus  oxychloride 
in  pyridine.  This  reagent  pair  introduced  two  new  components,  which 
turned  out  to  be  the  two  ^  pairs  of  ethyl  2-(l-chloro,ethyl)heptanoate. 
The  final  solution  was  to  dehydrate  with  phosphorus  oxychloride  in 
'pyridine  sind  then  treat  the  mixture  with  the  stoichiometric  quantity 
of  ethanolic  potassium  hydroxide.  Distillation  of  the  resulting 
reaction  mixture  resulted  in  the  isolation  of  ethyl  2-ethylidene- 
heptanoate  in  greater  than  98  area-56  purity.  The  overall  yield, 
based  on  the  starting  ethyl  2-(l-hydroxyethyl)heptanoate,  was  7656. 


UV, 


d.  Altempled  Mcerwein  Reaction  The  preparation  of  5>5- 
dlniethoxyanillne  by  the  benzyne  reaction  on  l-ohloro-2,4-dlmethoxy- 
benzene  has  been  discussed  earlier,  section  II.A.l.c. 

The  reaction  of  3i5-dimethoxyphenyldiazoniuin  chloride  vfith  ethyl 
2-ethylideneheptanoate  in  aqueous  acetone  using  cupric  chloride  as  a 
catalyst  resulted  in  recovery  of  86^  of  the  starting  unsaturated  eSter. 


It  appf 


i’eyiiis  wei‘‘^  th*:'  pmdiip.tr;  of  the  rnactlon 


CsHii 

CHsO^CCOOEt 


The  unsaturated  ester  was  tried  for  the  first  attempt  with  the 
Meerwein  route  because  it  was  the  most  easily  obtained,  A  much  more 
reactive  class  of  olefins  is  the  c^yt^-unsaturated  nitriles  .  A 
future  attempt  with  the  Meerwein  reaction  could  Involve  the  use  of 
2-ethylldeneheptanonltrlle,  which  could  be  prepared  from  ethyl 
2-ethylldeneheptanoate ; 

C5H11  CsHii  C5H11 

CH3CH=CCOOEt  CH3CH=CC0NHa  —  •»-  CH3CH=CCN 

To  test  whether  this  approach  has  any  promise  at  all,  a  model 
experiment  could  be  conducted  with  crotononitrile. 


1' .  1  .iKKOHMMQKY  I0N_  HOUTE  TO  2- (. ) YDRpp.ra.ENXL)  - METHYLOCTANEf 

The  Reformatsky  reaction  is  the  reaction  between  zinc,  an 
cA-bromoester,  and  an  aldehyde  or  ketone  resulting  in  the  formation 
of  a  ^-hydroxyester.  The  reaction  has  been  revlewed^^^^' 

^he  Reformatsky  route  to  the  desired  resorcinol  depends  on  the 
reaction  of  ethyl  2-bromoheptanoate  and  3,5-dlmethoxyacetophenone 
to  form  ethyl  2-amyl-3-hydroxy-3(3,5-dimethoxyphenyl)butyrate,  an 
jntprmpdiate  that  r,cv;ld  bn  r,c.iiverleil  to  the  desired  resorcinol  by  a 
number  of  simple  steps.  H3C  CsHu 


Br 


COCH3 


-i-inco 


CsHiiiHC02Et  + 

CHaCf 


sEt 


OCH3 


OCRs 


The  preparation  of  3>5-dlmethoxyacetophenone  had  already  been 
studied  during  the  work  on  the  Wittlg  route. 

Ethyl  2-bromoheptanoate  was  purchased  directly . 

The  reaction  between  ethyl  2-bromoheptanoate  and  3>5-dlmethoxy- 
acetophenone  was  carried  out  once  with  apparently  negative  results, 
as  it  appeared  that  the  starting  materials  were  recovered  on  distilla¬ 
tion  of  the  reaction  mixture,  but  on  re-examination  of  the  reaction 
products,  it  was  established  by  VPC  that  the  recovered  eater  had  a 
distinctly  lower  retention  time  than  the  starting  ethyl  2-bromo- 
heptanoate . 

Since  the  literature  indicates  that  In  some  cases  ^-hydroxy- 
esters  undergo  cleavage  on  heating  rather  than  dehydration,  it  is 
considered  possible  that  ethyl  2-ajnyl-3-hydroxy-3(3,5-dlmethoxyphenyl)- 
butyrate  was  actually  formed  and  decomposed  on  distillation  to  3,5- 
dimethoxyacetophenone  and  ethylheptannate . 


Such  a  course  appears  reasonable  In  view  of  the  observations 
made  during  distillation  of  the  crude  product.  The  distillation 
resulted  in  two  small  fractions,  one  of  which  was  an  ester  and  the 
other  3,5-dlmethoxyacetophenone .  The  main  fraction  was  very  high 
boiling:  150-l60®C/0.4  mm.  Redlstlllation  of  the  high-boiling 
fraction  resulted  in  larger  amounts  of  the  ester  and  ketone  and 
a  smaller  high-boiling  cut.  Each  subsequent  distillation  had  the 
"same  result.  Prom  this  it  appears  that  the  distillation  was  resulting 
in  decomposition.  VPC's  on  the  crude  product  before  distillation 
were  inconclusive  since  the  column  temperature  required,  510®C,  also 
caused  decomposition.  However,  even  with  this  decomposition,  a 
conponent  with  a  retention  time  that  v/as  reasonable  for  the  desired 
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ethyl  2-amyl-3-hydroxy-3(5,5-dlniethoxyphenyl)butyrate  was  shown 
to  be  present  in  26  avea-^. 


This  decomposition  could  be  circumvented  by  conversion  of 
the  halozlnc  intermediate  to  a  chloride  without  hydrolysis 


H3C  C5H11 
p.v.7,«pp_rHnnmrt- 


SOClg 


H3C  C5H11 
ClC-iHCOOEt 


The  chloride  could  be  dehydrohalogenated  or  hydrogenolyzed. 

Alternatively,  the  halozlnc  intermediate  could  be  dehydrated 
before  hydrolysis . 


H3C  CsHii 
BrZnOC-CHCOOEt 


CjsHii 


+  Zn(0H)Br 


Finally,  the  crude  alcohol  could  be  hydrogenolyzed  at  tempera¬ 
tures  below  the  decomposition  point. 


H3C  C5H11 
HOC-iHCOOEt 


C5H11 

CHaCHCHCOOEt 
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E.  PHOSPHONATE  CARBANION  ROUTE  TO  2-(3.5-DIHYDROXYPHENYL-^-METHYL- 
OCTANE  (I) 

The  route  started  from  3,5-dlmethoxybenzyl  halide,  which  would 
be  reacted  with  trlethyl  phosphite.  The  resulting  phosphonate 
carbanlon  was  methylated  and  added  to  2-heptanone.  The  addition  of 
phosphonate  oarbanions  to  carbonyl  compounds  has  recently  been  des¬ 
cribed  by  Horner  and  co worker sC*^^)  and  by  Wadsworth  and  Emmons  in 
this  country^ K 


CHgX 


CH2P(0Et)s 


MeO^  OMe 


+  P(OEt) 


CHspHPCOEt) 


NaH. 


CHaX 


MeO  OMe 


(j!H3 

CH3C=CC5Hii 


NaH^  CHaCCsHii  ^ 


'OMe 


The  investigation  had  three  separate  phases:  (l)  the  alkylation 
of  the  phosphonate  carbanlon;  (2)  the  application  of  the  olefin 
synthesis  for  the  introduction  of  the  desired  side-chain,”  and  (3)  the 
preparation  of  3,5-dlmethoxybenzyl  halide,  for  which  no  economical 
preparation  was  available. 
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1.  P-tethyl  l-Phenylethylphoaphonabe  Introduction  of  the  side- 
chain  was  Investigated  using  an  unsubst J tuted  benzyl  halide  as 
a  model  compound  since  the  two  methoxy  groups  should  have  little 
or  no  effect  on  the  olefin  synthesis.  The  following  sequence  was 
investigated; 


CH3CHP(0Et)2 


CH3CC5HXI 

XII 


Diethyl  benzyl phoBphonate,  XI,  was  prepared  in  97jg  yield  by 
the  reaction  of  benzyl  chloride  with  trlethyl  phosphite.  This 
product  was  then  treated  with  sodium  hydride  and  dimethyl  sulfate 
in  1,2-dlmethoxyethane  at  60®C.  An  exothermic  reaction  took  place 
and  hydrogen  was  evolved.  Since  the  desired  product,  diethyl 
1-phenylethylphosphonate,  XII,  and  the  starting  material  differ 


by  only  a  methyl  group,  it  was  felt  that  separation  by  distillation 
would  be  impossible  and  the  reaction  would  have  to  be  quantitative 
to  be  of  any  value.  In  order  to  have  an  authentic  sample  of  XII  for 
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Samples  of  diethyl  benzylphoaphonate  and  the  methylated  product 
prepared  by  the  two  different  routes  were  compared,  but  the  dif¬ 
ferences  In  boiling  point,  refractive  Index,  and  retention  time 
were  too  small  to  demonstrate  that  reaction  had  taken  place 
quantitatively.  Later,  VPC  conditions  were  worked  out  that  gave 
resolution  of  XI  and  XII.  Under  these  conditions,  VPC  showed  that  the 
methylatlon  had  only  proceeded  to  the  extent  of  255^. 

As  another  model  reaction,  a  butylatlon  of  YT  was  carried  nut, 


using  dlbutyl  sulfate,  which  had  been  prepared  by  the  Organic 
Synthesis  procedure^^^^  This  resulted  In  an  825C  yield  of  diethyl 
1-phenylamylphosphonate  having  a  retention  time  readily  distinguish¬ 
able  from  that  of  the  unalkylated  diethyl  benzylphosphonate  (19,5 
minutes  compared  with  9.2  minutes). 

The  reason  for  the  contrast  between  the  825^  yield  on  butylatlon 
and  the  25^  yield  on  the  desired  methylatlon  is  not  known. 


2 .  Attempted  Preparation  of  2-Phenyl-3-methyloctene-2 

Before  investigating  the  alkylation  further,  the  olefln-produclng 
step  was  studied  because  if  it  failed,  this  entire  route  would  have  to 
be  abandoned.  In  order  to  have  an  authentic  sample  of  2-phenyl- 
5-methyloctene-2  for  comparison,  phenylmaghesium  bromide  was 
reacted  with  5-»iethylootanone -2  and  the  resulting  alcohol  dehydrated. 
However,  VPC  and  Infrared  analyses  indicated  the  product  to  be 
largely  the  terminal  olefin,  2-phenyl-3-methyloctene-l,  instead 
of  the  desired  Internal  olefin. 


0  CHa 

CHaC-CHCsHii 


Hap  9H3 
HO-p-CHCsHii 


CHa 

CHa^p-CHCsHii 
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The  diethyl  1-phonylethy Iphosphonate  used  In  this  work  was 
prepared  from  1-phenylethyl  bromide  and  trlethyl  phosphite  as  out¬ 
lined  above  and  was  greater  than  99  ar^a-^  pure  by  VPC. 

The  reaction  of  this  phosphonate  with  2-heptanone  and  sodium 
hydride  In  1,2-dimethoxye thane  was  carried  out  twice  following 
the  literature  procedure ^ 92 ) .  The  reaction  proceeded  as  described, 
but  on  work-up,  the  residue  obtained  would  not  distil  at  125®C/0.5  mm. 
The  desired  2-phenyi-;>-methylootene-2  sliould  boil  at  about  80"u/ 

0.5  nun.  After  looking  at  the  mechanism  proposed  for  olefin  forma¬ 


tion,’  a  possible  reason  for  failure  In  this  case  was  considered. 


The  mechanism  of  the  reaction  Is: 


(RO)2^C3HR'p  +  NaH-^(RO) 


PG  r"2C=o  (R0)2?-ij:R2 

,t>CR'p  -  jCRp 


XIII 


e^Ra 


(ro)2?-cr 

6-CRa 

XIV 


r^c=cr8  +  (no) 2^-0^ 

While  previous  workers 92)  used  generalized  equations,  they  did 
not  show  any  examples  that  led  to  tetra-substltuted  olefins.  In  our 
case  one  R'-  is  phenyl  and  the  other  methyl,  and  one  R"-  Is  methyl 
and  the  other  amyl.  This  might  mean  that  In  this  Instance,  for 
sterlc  reasons,  XIII  could  not  assume  the  spatial  arrangement  necessary 
for  breakdown  to  the  desired  products  or.  If  the  reaction  proceeds 
through  a  four- center  transition  state  as  shown  in  XIV,  that  the  sterlc 
requirements  of  the  groups  Involved  prevent  its  formation.  This  would 
mean,  that  the  reaction  would  stop  at  XIII  and  hydrolysis  in  the  work¬ 


up  would  lead  to 


(EtO) 


U- 


HO— C  —  CHa 


ru  s 


which  would  be  a  high-boiling  liquid.  It  is  Interesting  to  note 
that  when  this  reaction  is  carried  out  in  a  proton- donating  solvent, 
products  of  the  type  represented  by  XV  are  obtained ^ ^5) , 

In  an  attempt  to  decompose  an  Intermediate  such  as  XV,  the 
reaction  was  rerun  at  a  higher  temperature  with  identical  negative 
results. 


Ulelin  synthesis  by  the  phusphonate  cax'banlon  reaction  may  not 
be  feasible  in  this  instance. 

5.  Attempted  Preparation  of  Orcinol  from  4-Chloro-m-cresol 

I 

The  final  phase  of  this  route  is  the  de  elopment  of  a  practical 
route  to  3,5-dimethoxybenzyl  halide.  3,5-Dii,ethoxytoluene  (the 
dimethyl  ether  of  orcinol)  might  be  a  usofu:’  intermediate  since 
it  might  undergo  side-chain  chlorination  te  *orm  the  desired 
benzyl  halide  directly  or  it  could  be  converted  by  oxidation  to 
3,5-dimethoxybenzolc  acid,  Which  could  then  be  converted  to  the 


desired  halide. 
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In  order  for  thene  preparations  of  5, 5-dlmethoxybenzyl  chloride  to 
have  a  practical  value,  an  Inexpensive  route  to  orclnol  dimethyl 
ether  would  be  necessary.  A  scheme  was  devised  starting  from 
m-cresol  at '60  cents/lb,  as  outlined  below. 


The  first  step  was  not  carried  out  in  the  laboratory  since  it  was 
possible  to  purchase  4-chloro~m-cresol .  The  second  step  was 
carried  out  and  resulted  In  a  925?  yield  of  5-methoxy-4-chloro- 
toluene. 

The  critical  step  Is  the  third  step,  which  Is  an  aqueous 
benzyne  reaction,  Bottinl  and  Roberts have  Investigated 
the  liquid  phase  hydrolysis  of  halotoluenes  and  found  that  at 
550®C  the  mechanism  of  reaction  Involves  a  benzyne  Intermediate. 
Since  previous  workers ^^7) have  shown  that  the  reaction  of  3- 
methoxybenzyne  inte mediates  gives  exclusively  m-dlsubstltutlon 
products,  it  seems  reasonable  to  assume  that  the  basic  hydrolysis 
of  3-methoxy-4-chlorotoluene  under  benzyne  conditions  might  lead 
to  the  desired  product. 


The  reaction  of  3-methoxy“4-chlorotoluene  with  4M  sodlvun 
hydroxide  at  3^0-350*0  for  two  hours  in  an  autoclave  resulted  in 
a  465^  yield  of  m-cresol  as  the  only  identifiable  product. 
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Conclusions  on  the  Phosphonate  Carbanlon  Route 


None  of  the  three  phases  of  the  Investigation  of  this  route  gave 
favorahle  results.  The  alkylation  of  the  phosphonate  carbanlon  with 
methyl  group  gave  a  very  poor  yield,  the  olefin  synthesis  step  was 
unsuccessful,  and  one  scheme  to  prepare  the  3j5-dimethoxyben2yl 
halide  failed.  Each  of  these  three  phases  would  have  to  be  satisfac¬ 
tory  for  the  route  to  be  feasible. 

P .  ROUTE  TO  2-(3.'3-DPIYDR0XYPIIENYL)-3-METHYL,0CTANE  (i)  lOA  DIRECT 
resqrcylation  op  BUTANONE 

This  route  depends  on  the  formation  of  the  anion  from  butanone 
by  a  strong  base  and  its  interaction  with  the  benzyne  derived  from 
l-halo-2, 4-dlmethoxybenzene.  The  resulting  ketone  would  be  reacted 
with  amyl  Grlgnard  to  form  a  carblnol  precur3or  of  the  desired 
intermediate. 


1 .  Preparation  of  l-Halo-2.4-dlmethoxybenzene  Starting  Materials 

The  preparation  of  l-chloro-2,4-dlmethoxybenzene  from  4-chloro- 
resorcinol  was  repeated  on  a  4.4-mole  scale.  The  yield  was  785^. 


l-Bromo-2,4-dlmethoxybenzf!ne  was  prepared  from  ^-bromoresorcinol 
by  the  same  route  on  a  0.5-nioTe  scale,  In  71%  yield. 


+  Me  pS04 


2 .  Attempted  Reaorcylatlon  Reactions  In  Liquid  Ammonia 

Six  attempts  were  made  to  prepare  5-(3,5-cilmethoxyphenyl)- 
butanone-2  by  the  resorcylatlon  reaction! 52)  in  the  liquid  ammonia 
system. 


NaNHa/NHg 


The  results  are  summarized  in  Table  5.  It  is  apparent  that  the  re¬ 
action  has  proved  unsatisfactory.  Only  trace  quantities  of  the 
desired  ketone  have  been  isolated.  Unfortunately,  the  major  reaction 
product  has  been  found  to  be  5»5-dimethoxyanlline,  which  results  from 
the  attack  of  amide  ion  on  the  transient  benzyne  intermediate. 

Concern  about  the  possibility  of  reaction  at  the  wrong  point  on 
the  butanone  chain  proved  to  be  justified.  -Examination  of  the  products 
of  these  runs  with  programmed  VPC  revealed  the  presence  of  l-(3,5-dl- 
methoxyphenyl) butanone- 2,  XVI,  in  trace  amounts  relative  to  the  desired 
5-(5,5-^in'ethoxy)butanone-2.  f. 


XVI 
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Table  5 


RESORCYLATION  REACTIONS  IN  THE  LIQUED  AMMONIA  SYSTEM 


Experiment  Wo, 


1 

2 

—1- 

5 

6 

Reaction  Conditions 

Two-fl^sk  procedure 

X 

X 

X 

One-flask  procedure 

X 

X 

X 

Reaction  time,  min. 

15 

90 

10 

50 

30 

15 

Starting:  Materials 

l-Chloro-2,4-dlmethoxybenzene, moles 

0.25 

0.25 

0.95 

0.25 

0.25 

l-Bromo-2 ,4-dlmethoxybenzene ,  moles 

0.25 

Butanone,  moles 

0.50 

1.25 

1.00 

0.75 

0.75 

0.50 

Sodamide,  moles 

1.00 

1.50 

1.50 

1.25 

1.25 

1.00 

Liquid  ammonia,  ml 

1200 

2400 

1400 

600 

600 

800 

Reaction  Products 

5- ( 5-Dimethoxyphenyl )butanone-2 
(desired  product)  5^  yield 

1 

0 

2 

4- 

4 

3 

3,5-Dlmethoxyanlline,  yield 

38 

0 

30 

32 

65 

42 

1 -Halo-2 , 4-dlmethoxybenzene , 
recovered  starting  material, 
i>  yield 

37 

98 

59 

46 

23 

49 

a .  Experiment  No.  1 


This  reaction  wan  carried  out  using 


the  stoichiometry  and  reaction  conditions  found  by  Leake  and 
Levine  (52)  to  be  most  favorable  In  forming  3-phenyl butanone-?  from 
bromobenzene  and  butahone. 

b.  Experiment  No.  2  Just  sufficient  .sodamlde  was  used  In 

this  run  to  generate  the  benzyne  and  the  ketonlc  carbanlon.  It  Is 

significant  that  apparently  no  benzyne  formed,  since  no  trace  of 

) 

3,5-dimethoxyanillne  could  be  detected  in  reaction  product.  This 
suggests  that  it  is  necessary  to  have  sodamide  in  excess  of  the 
amount  theoretically  needed  to  dehydrohalogenate  the  l-halo-2,4- 
dlmethoxybenzene  and  promote  subsequent  reaction. 

c.  Experiments  No,  4  and  5  These  runs  were  carried  out 

under  identical  conditions,  except  that  in  experiment  5,  l-bromo-2,4-dl- 
methoxybenzene  was  substituted  for  its  chloro  analog.  The 
bromo  compound  was  found  to  form  the  benzyne  more  readily  and  to  a 
greater  extent  than  the  chloro  compound.  Unfortunately,  this  is 
manifested  In  increased  yield  of  the  aniline  and  not  of  the  desired 
reaction  product. 

d.  Experiment  No.  6  This  run  was  carried  out  via  the  one-flask 
method  also  described  by  Leake  and  Ijevlne^52), 

e.  Interpretation  of  Results  Recent  consultation  with 
Dr.  Robert  Levine,  whose  original  work  on  the  phenylation  of  active 
hydrogen  compounds  suggested  this  route,  revealed  the  following 
discouraging  information. 

Substitution  of  the  benzyne  with  methoxyl  groups  appears  to 
favor  the  formation  of  the  aniline  derivative  at  the  expense  of 


67 


tlie  doplrod  product  derived  from  the  ketone  anion.  Thus,  reaction 
of  the  benzyne  derived  from  bromobenzene  with  the  anion  from 

butanone  led  to  the  Isolation  of  75!^  yields  of  5-phenylbutanone-2^52 )  ^ 
but  when  the  benzyne  source  was  o-bromoanlsole,  the  yield  of 
phenylated  ketones  dropped  to  between  15  and  20$^,  and  the  major 
reaction  product  was  found  to  be  m“anisldlne^75) .  The  results 
reported  here  for  the  benzyne  substituted  with  two  methoxyl  groups 
ore  condstent  v;i  !.h  thnt  trend.  .  - 

2*  Attempted  Resorcylatlon  Reaction  In  Dlglyme 

The  reaction  was  carried  out  In  the  same  manner,  except  that 
dlglyme  was  substituted  for  liquid  ammonia  an  the  reaction  solvent. 

The  desired  5-(3, 5-dlmethoxyphenyl)butanone-2  was  formed  in  only  % 
yield,  3,5-dimethoxyanlllne  was  absent,  and  71$^  of  the  starting  halide 
was  recovered. 

In  addition  to  the  desired  ketone,  two  other  ketones  were  formed 
in  trace  amounts.  Infrared  spectra  indicated  these  ketones  to  be 
1- ( 3, 5-dlmethoxyphenyl) butanone- 2  (XVI)  and  either  l-(2,4-dlmethoxy- 
phenyl)butanone-2  (XVII),  or  3-(2,4-dlmethoxyphenyl)-butanone-2  (XVIII) 


'  XVII  XVIII 


Compound  XVI  results  from  resorcylatlon  on  the  active  methyl  group  of 
butanone;  while  XVII  or  XVIII  result  if  reaction  proceeds  by  direct 
substitution. 


68 


\n  I'.iimimuw,  the  use  of  diglyme  as  a  solvent  for  resorcylation 
lotis  was  Ineffective.  Apparently  direct  substitution  occurs  to 
a  small  degree  In  this  solvent. 

•’I ,  Use  of  Lithium  Alkyl  Amides 

In  most  cases  In  the  liquid  ammonia  system,  when  reaction  took 
place,  the  principal  product  was  3, 5-dlmethoxyanlline.  The  benzyne 
Intermediate  apparently  reacted  quite  readJly  with  amide  Ion.  It 
appeared  that  the  use  of  a  base  more  hindered  than  amide  Ion  might 
lead  to  more  favorable  results. 

Gilman  and  Kyle^^^^  have  reported  the  use  of  lithium  dlbutyl- 
amlde  In  ether  on  o-chloroanlsole  to  obtain  a  48$^  yield  of  m-methoxy- 
dibutylanlllne. 

OZ, 

It  Is  interesting  to  note  that  lithium  dlalkylamldes  react  with 
aryl  halides  to  form  N,N-dlalkylanlllneB  on  a  raole-to-mole  basl8(52,45)^ 
while  sodamlde  reacts  with  aryl  halides  to  form  anilines  on  a  2:1 
mole  basis .  it  was  hoped  that  this  new  approach  would  eliminate 
the  previously-encountered  complication  caused  by  the  presence  of 
excess  amide  ion.  - 

This  base-solvent  system  was  applied  to  the  Resorcylation  Route, 
but  the  results  were  very  disappointing. 

The  reaction  products  included  recovered  l-chloro-2,4-dimethoxy- 
. benzene  (4i^  recovery),  a  mixture  of  isomeric  ketones  (5^  yield),  a 
trace  of  what  appeared  to  be  2,2',4,4'-tetramethoxybiphenyl  (coupling 
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product),  and  tho  major  reaction  product,  shown  by  Infrared  to  be 
3, 5-dlmethoxy-N,N-dlbutylanillne  in  excellent  purity  and  44^  yield. 
The  infrared  spectrum  of  this  compound  exhibited  1, 3, S-substltutlon 
on  the  bensene  ring,  3> i?-Din’6thoxy-N,N-dlbutylanillne  Is  a  new  com¬ 
pound. 


The  ketonlc  portion  of  the  reaction  products  was  composed  of 
four  isomeric  ketones.  VPC  was  used  to  trap  two  of  these  ketones  in 
good  purity,  but  the  remaining  two  ketones  could  only  be  trapped  as 
an  unresolved  pair.  Infrared  study  of  these  ketones  indicated  the 
presence  of  a  pair  exhibiting  1,2,4-Bubstltutlon  on  the  benzene  ring, 
and  a  second  pair  exhibiting  l,3,5-8ubBtltutlon.  The  first  pair 
would  result  from  direct  substitution,  and  the  second  pair  from  attack 
on  a  benzyne  intermediate.  Since  the  combined  yield  of  isomeric  ke- 
-  tones  was  so  lew,  no  effort  was  made  to  determine  which  of  the  ketones 
exhibiting  1,3,5-Bubstltution  was  the  desired  ketone.  VPC  and  infrared 
indicated  that  the  1,2, 4-ketones  were  predominant.  The  four  possible 
ketones  are  the  desired  3-(3,5-dlmethoxyphenyl)butanone-2  and  XVI, 

XVII,  and  XVIII. 
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In  view  of  the  discouraging  results,  further  Investigation  of 
the  Resorcylatlon  Route  did  not  seem  warranted. 

G.  SYNTHESIS  OF  2-(3.5-DIHYDR0XYPHENYL)-3.4-DIMETHYL0CTANE  fll) 


The  synthesis  Is  based  on  the  reaction  of  3, 5-dlmethoxyphenyl- 
magneslum  chloride  and  2,3-<3imethylheptanonltrlle: 


NaNHa  H39  CH3 

CHgCHgCN  +  CH'3CHC4Hs  - nh7^  C4H9ill6HCN 

Br 


1.  g,  3-Dlinethylheptanonltrlle 

Proplonitrlle  was  alkylated  with  g-bromohexane  to  result  In  the 
Isolation  of  2,3-dlmethylheptanonltrlle  of  97.1  area-j^  purity  in  51$^ 
conversion.  Since  a  portion  of  the  2-bromohexane  was  recovered  the 
overall  yield  was  31%- 

2.  2-  ( 3t  5-Dlniethoxybenzoyl)  -3-inethylheptane 

2,3-Dlmethylheptanonibrile  was  reacted  w'lth  3, 5-dlmethoxyphenyl- 
magneslum  chloride  to  form  2-(3,5-dlmethoxybenzpyl^-3-methylheptane - 
in  about  ^0^  yield.  The  presence  of  two  dissimilar  asymmetric . centers 
in  the  product  causes  the  formation  of  two  ^  pairs,  so  VPC  rcnults 
were  inconclusive. 

5 '  i  Blmethoxyphcnyl)-3,>t-dlmcthyloctcnc-l 


This  compound  was  originally  approached  via  a  Grlgnard  reaction 
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of  the  ketone  2-(5,5-dlmethoxybenzoyl)-5-methylheptane  with  methyl- 
magnesium  bromide.  When  the  dehydration  of  the  resulting  carbinol 
complicated,  the  Grignard  reaction  was  replaced  by  a  Wlttig  reaction 
of  the  same  ketone  with  trlphenylphosphlne  methylene. 


Reaction  2-(5,5-Dlmethoxyben2oyl)-5-methylheptane  was  reacted  with 
methylmagnesium  bromide  to  foiw  2-(3.5-<3hiiethoxyplienyl)-5,i}-dimethyl- 
octanol-2,  which  was  separated  by  distillation  but  not  further  charac¬ 
terized. 


octanol-2  The  carbinol  was  dehydrated  by  heating  with  iodine  to 
form,  if  there  was  no  rearrangement,  a  mixture  of  the  and  trans 
isomers  of  the  internal  olefin  and  the  various  stereoisomers  of  the 
tenninal  olefin  containing  two  asymmetric  centers: 

CjHa 

CHC^Hg 

and 

OMe 


clB  and  trans  2  ^  pairs 

VPC  was  inconclusive  since  the  above  mixture  could  show  as  many  as 
four  components;  two  arising  from  the  cis  and  trans,  forms  of  the 
internal  olefin  and  two  being  the  result  of  the  two  ^  pairs 
possible  for  the  terminal  olefin. 

Y2 


The  VPC  dirt  show  four  components;  however,  none  of  these  showed 


terminal  double  bond  absorptions  in  the  Infrared.  From  this  It 
must  be  concluded  that,  at  most,  only  two  of  the  components  repre¬ 
sent  the  desired  product.  The  moat  likely  explanation  would  be 
that  dehydration  of  the  carblnol  was  accompanied  by  isomerization. 

In  order  to  circumvent  this  difficulty  it  was  felt  that  a 
method  of  dehydration  had  to  be  found  In  which  no  isomerization 
occurred.  The  fli’ot  cuiialUeratioti  was  given  to  acetate  pyrolysis. 


The  carblnol  was  never  converted  to  Its  acetate.  Difficulty  was 
encountered  In  the  conversion  of  the  corresponding  carblnol  to  acetate 
for  resorcinol  IV  (see  below)  and  at  that  time  it  was  suggested  by  the 
Project  Officer,  Donald  H.  Wadsworth,  that  the  Wlttlg  reaction  on  the  pre 
decessor  ketone  be  considered  for  preparation  of  the  olefin. 

c.  Olefin- format Ion  by  the  Wlttlg  Reaction  The  use  of  the 
Wlttlg  reaction  completely  eliminated  dehydration  and  its  accompanying 
isomerization. 


HaC  (jHa 
CH2=CCHCHC4H, 


g  +  (CeH5)3P'^0 


HeO  OMe 

The  reaction  of  trlphenylphosphlne  methylene  with  2-(5,5-dlmethoxy- 
benzoyl)-5-niethylheptane  resulted  in  a  yield  (by  VDC)  of  2-(3,5- 
dlmetho.xyphenyl)-5,4-diinethyloctene-l.  The  product  was  contaminated 
with  a  small  amount  (5  to  7  area-5^)  of  unreacted  ketone,  which  was 
removed  by  careful  fractionation  after  reduction. 


)| .  2- (3,  5-R3->nethoxyphenyl)-3. 4-dlmethyloctane 

Initial  attempts  at  catalytic  reduction  of  the  olefin  over  nlckel- 
on-kieselguhr  were  unsuccessful,  but  use  of  a  higher  temperature  and  a 
larger  amount  of  fresh  catalyst  resulted  in  the  isolation  of  2-(3,5- 
dimethoxyphenyl ) -3, 4-dimethyloctane . 

5.  2-(3«  5-Dlbydroxyphenyl-3. 4-dimethyloctane  ( II) 

2-(3»5-Dlniethoxyphenyl)-3,4-dlmethylocbane  was  cleaved  with 
hyarobromic  acid  in  glacial  acetic  acid  by  the  procedure  used  for  res¬ 
orcinol  I  (sec  section  II. A. 5)  to  yield  the  desired  resorcinol.  A  7.5  g 
sample  of  this  product,  2-( 3, 5-dlhydroxyphenyl) -3, 4-dimethyloctane,  II, 
was  shipped  to  the  Army  Chemical  Center  on  5  April  1962.  It  boiled  at 
160-161 ‘’C/0. 3  nun. 

H.  SYNTHESIS  OF  2-(  3. 6-DIIIYDH0XYPHENYL)-3.  3-DIMETHYLQCTANE  ( IV) 

Similar  to  the  route  for  resorcinol  II,  this  one  is  based  on  the 
reaction  of  the  same  Grlgnard  reagent  with  2,2-dlmethyiheptanonitrlle: 


(CH3)2CHCN  +  C5H11CI 


NaNHa 


NHs 


(013)2^ 


IV 


1 .  2 , 2-Dlniethylheptanonltrlle 

Isobutyronltrile  was  alkylated  with  amyl  chloride  and  sodium  In 
liquid  ammonia  to  give  a  46$^  yield  of  2,2-dimethylheptanonitrile  of 
97.2  area-5^  purity. 

2 .  2-( 3, 9-Dlmethoxybenzoyl )  •2"inethylheptane 

2,2-Dimethylheptanonltrile  was  reacted  with  3, 5-dlmethoxyphenyl- 
magnesium  chloride  on  0.4-mole  scale  resulting  in  the  isolation  of 
37.0  g  of  2-(3,i;-dimeLhaxybenzoyi)-2-methyiheptane,  bp  134-136 “C/0.19 
mm,  >98  area-JI)  pure  by  VPC.  The  conversion  was  53^  of  theory  (71^ 
yield  based  on  nitrile  consumed). 

3.  2-  ( 3. 3-Diniethoxyphenyl )  -3, 3-dimethyloctene-l 

As  with  the  analogous  olefin  in  the  synthesis  of  item  II,  the 
preparation  of  this  olefin  was  originally  approached  via  the  Grignard 
reaction  of  2-(3, 5-dimethoxybenzoyl)-2-methylhcptane  with  methyl- 
magnesium  bromide.  Again,  when  the  dehydration  of  the  resulting  car- 
blnol  became  complicated,  the  olefin  was  prepared  by  the  Wlttlg  reaction 
of  trlphenylphosphlne  methylene  on  the  same  ketone. 

a.  2-(3.5"Dlmethoxyphenyl)-3»3-dimethyloctanol-2  by  a  Grignard 
Reaction  2-(3,5-Dlmethoxybenzoyl)-2-methylheptane  was  reacted  with 
methylmagneslum  bromide  to  form  2-(3» 5-dimethoxyphenyl)-3i3-dlmethyl- 
octanol-2.  This  carbinol  was  separated  by  distillation  but  was  not 
further  characterized  because  of  decomposition  on  attempted  investiga¬ 
tion  by  VPC. 
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b.  2-(3.5-Dlinethoxyphenyl)-3.3-dlmebhyloctenes  by  Iodine  Dehy¬ 
dration  The  best  distillation  cut  of  the  carblnol,  44  g,  bp  139- 
l40'‘C/0.15  mm,  was  heated  with  two  small  crystals  of  Iodine  at  120- 
135°C  for  2.3  hours,  and  after  distillation,  29.4  g  (80jS  yield)  of  a 
dehydration  product  (bp  115.5-116*0/0.2  mm)  was  obtained.  VPC  indi¬ 
cated  the  presence  of  two  major  components,  78.I  area-^  and  20.2  area-5^ 
This  was  dlsturbinp:  since  the  desired  dehydration. 


should  lead  to  a  single  product  Incapable  of  cls-trans  or  stereo  • 
isomerism.  Infrared  indicated  that  the  larger  component  was  a 
terminal  olefin  while  the  smaller  was  an  internal  olefin.  The  785^ 
component  was  later  identified  as  the  desired  1-olefin  by  its  identity 
with  the  product  from  the  Wlttig  reaction  (see  section  II.H.3.d, 
below) ,  Before  the  Wlttig  reaction  was  performed,  the  proper  identi¬ 
fication  of  that  olefin  was  complicated  by  the  observation  that 
neither  component  of  this  olefin  mixture  showed  the  ultraviolet  ab¬ 
sorption  expected  for  a  double  bond  conjugated  with  the  aromatic  ring. 

Examination  of  the  literature  led  to  an  explanation  of  the 
anomolous  ultraviolet  spectrum.  Heddon  and  Brown^^^^,  investigating 
the  ultraviolet  spectrum  of  pivalophenone. 


had  found  that  no  conjugation  band  was  present.  Their  explanation 
is  that  in  oi’der  to  observe  a  conjugation  band  the  double  bond  has 
to  be  coplanar  with  the  ring.  In  pivalophenone  the  two  methyl  groups 
on  the  a- carbon  displace  the  carbonyl  group  out  of  the  plane  of  the 
benzene  ring  and,  as  a  result,  resonance  is  inhibited  and  no  conjuga¬ 
tion  band  appears  in  the  ultraviolet  spectrum. 

The  same  atscucc  uf  a  uoi^Ju^ialiou  baud  wao  ubutM'veil  111  the  uilra- 

violet  spectrum  of  t-butylstyrene,  ^*3 

fcHp=P-C-CH3 


by  Ramart-Lucas^^^^ ,  who  also  cited  steric  inhibition  of  resonance 
as  the  explanation. 

In  view  of  the  above  observations  we  concluded  that  the  olefin 
present  in  785^  was  the  desired  one  and  that  the  lack  of  a  conjugation 
band  in  the  ultraviolet  was  again  due  to  steric  inhibition  of  resonance. 
A  quaternary  carbon  atom  or  its  equivalent  in  bulkiness  seems  to  be 
necessary  for  this  effect,  as  steric  inhibition  of  resonance  was  not 
noted  in  the  spectra  of  2-(5,5-<Jlmethoxyphenyl)-5-methyloctenes  (sec¬ 
tion  II. A. 4,  above)  or  of  2-(5,5-dlmethoxyphenyl)-5-methylheptene-2^^) . 


We  must  further  conclude  that  the  dehydration  of  2-{5,5-dlmethoxy- 
phenyl)-3,5-dlmethyloctanol-2  must  have  led  to  about  22^'  rearrangement. 
'A  possible  rearrangement  was  the  following; 
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MeO  OMe 
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I  !  - 

CHa-C-C=CHC4Hg 


MeO  '^OMe 
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HaC  CHg 

I  II 

CHa-^-C-CsHii 


MeO' 


OMe 


c.  Attempted  Preparation  of  g"(3i5"Dlinethoxyphenyl)-3i3-dlmethyl- 
octenes  by  Acetate  Pyrolysis  To  avoid  the  rearrangement  found  on  Iodine 
dehydration,  acetate  pyrolysis  was  considered.  2-(?,5-Dlmethoxyphenyl)- 
3,5-dlmethyloctanol-2  was  reacted  with  acetyl  chloride  and  pyridine 

in  dlmethoxyethane ,  Distillation  of  the  reaction  mixture  re'aulted  In 
very  little  product  and  a  very  large  amount  of  viscous,  high-bolllng 
residue. 

At  this  point  the  Wlttlg  reaction  was  suggested  as  an  alternative 
by  Wadsworth  and  no  further  work  was  done  on  acetate  pyrolysis. 

d.  2-f3.5-Dlniethoxyphenyl)-3.3-diinethyloctene-l  by  the  Wlttlg 
Reaction  Triphenylphosphine  methylene  was  reacted  with  2-(3,5-dl- 

*  methoxybenzoyl)-2-methyiheptane  to  give  a  70$^  yield  ol^the  desired 
olefin.  The  major  distillation  cut  was  97  area-jg  pure.  The  infrared 
spectrum  was  consistent  with  the  structure  and  the  ultraviolet  spectrum 
identical  with  the  anotnolous  spectrum  described  above  in  section  II.H.3.b 


(CgHg )3P=CH2 


+  (CeHs)3P— ^0 


4.  2-(3»  5-Dlinethoxyphenyl)"3.3-dlmethyloetane 

As  with  resorcinols  I  and  II,  the  precursor  olefin  prepared  by 
the  wiLLig  reaction  could  not  be  catalytlcally  reduced  on  the  first 
attempt.  It  was  successfully  reduced  to  2-(3»5-cllmethoxyphenyl)-5,5- 
dlmethyloctane  on  the  second  attempt  with  a  larger  amount  of  fresh 
catalyst . 

5.  2-(3»5-I>lliydroxyphenyl)-3.3-dini3thyloctane  (IV) 

2-(3»5-Dlniethoxyphenyl)-3, 3-dlmethyloctane  was  cleaved  with  48^ 
hydrobroralc  acid  In  glacial  acetic  acid  by  the  procedure  used  pre¬ 
viously  for  resorcinols  I  and  II,  to  yield  the  desired  resorcinol. 

A  15  g  sample  of  this  product,  2-(3>5-dihydroxyphenyl)-3, 3- 
dimethyloctane,  IV,  was  also  shipped  to  the  Army  Chemical  Center  on 
5  April  1962.  It  boiled  at  154-155°C/0.l8  mm. 

I.  ROUTES  TO  2-(3.5-DIHYPROXYPHENYL)-2.3-DIMETHYLOCTANE  (ill), 
2-(3.5-DIHYDR0XYPHENYL)-2-METHYLHEXANE  (VI),  AND  2-f3.5-DIHYDR0XY- 
-PHENYL)-2-METHY1HEPTANE  (vii) 

1.  Metalatlon  Routes  to  Resorcinols  III,  V.  VI.  and  VII 

Several  routes  were  suggested  for  the  preparation  of  resorcinols 
III,  V,  VI,  and  VII  in  which  the  key  reaction  Involved  the  metalatlon 
of  a  3,5-dimethoxyphenylalkane,  H- 
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with  butyl  lithium  at  the  benzyl  hydrogen  followed  by  either  coupling 
with  methyl  halide  or  carbonation  and  reduction.  An  example  is  the 


metalation  route  to  resorcinol  III: 


CH3CH 


9^3 

CHC5H11 


CH3 

-CilCsHii 


HaC  CH3 
CHaC-CHsHia 


-l-  C4H0T1I 


)<|(h;  uiv|e 


Mf-nj  uivir 


COOH^^ 
nJOp  CHafc-CHCsHxi 


\h3?  9H3 
OT06-CHC 


MeO  OMe 


HO  OH 
HI 


The  key  assumption  in  the  metaxatlon  routes;  namely,  that  a 
dimethoxyphenylalkane  could  be  metalated  with  butyl  lithium  on  the 
benzyl  carbon  atom,  ha^  been  demonstrated  to  be  false.  Adams  and  co- 
workePB^^^.  subjected  the  dimethyl  ether  of  oi'clnol, 


MeO  OMc 

to  reaction  with  both  phenyl  and  butyl  lithium  and  in  both  cases  ob¬ 
served  metalation  at  the  2-po3ltion  (between  the  methoxy  groups). 
This  was  proved  by  carbonation  of  the  lithium  derivative  to  give  the 
knovm  2,6-dlmethoxy-4-methylbenzolc  acid.  In  view  of  this  report  it 
is  extremely  unlikely  that  the  proposed  metalation  routes  would  have 
been  successful .  They  were  abandoned  in  favor  of  the  routes  via 
2-(5, 5-dimethoxyphenyl)-2-methylpropionitrile  described  below. 
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2 .  Routes  via  2- f '5, 5-Ditnethoxyphenyl)-2-inelhylproplonlbrlle 

These  routes  are  based,  in  part,  on  the  work  of  Adams,  MacKenzle, 
and  Locwe{5).  They  apply  only  to  resorcinols  ITT,  VI,  and  VII,  and 
would  not  provide  a  route  to  V,  for  which  no  route  is  presently  avail¬ 
able. 


VI,  R  =  C3H7 
VII,  R  =  C4HS 


The  common  nitrile  intermediate  was  only  used  in  an  attempted 
preparation  of  2-(5,i)-dihydroxyphenyl)-2-methylheptane,  VII.  Funds 
were  not  available  to  complete  that  attempt,  or  to  start  work  on 
resorcinols  III  or  VI. 

a.  2-(3.5-Dlmethoxyphenyl)-2-methylproplonltrlle  from  3,5-Dl- 
methoxybenzolc  Acid  Since  the  program  for  the  preparation  of 
resorcinols  III,  VI,  and  VII  was  merely  synthetic  and  did  not  require 
extremely  cheap  starting  materials,  it  was  practical  to  consider  the 
following  rather  long  route  to  the  common  intermediate  for  resorcinols 
III,  VI,  and  VII; 
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5.5- Dimethoxybenzolc  acid  was  prepared  In  8^5^  yield  from  3> 5-dihydroxy 
benzoic  acid,  dimethyl  sulfate,  and  sodium  hydroxide  following  a  pro¬ 
cedure  outlined  previously  (section  II.B.l.a).  This  acid  was  con¬ 
verted  to  ethyl  5, 5-dlmethoxybenzoat6,  bp  102‘*C/0.2  mm  (lit^5^)  bp 
199-200‘’C/50  mm)  In  88^  yield  by  refluxing  with  ethanol  containing 
10$^  by  volTxme  of  concentrated  sulfuric  acid.  Lithium  aluminum  hy¬ 
dride  reduction  of  the  ester  yielded  88^  of  theory  of  3,8-dlmethoxy- 
benzyl  alcohol.  The  alcohol  was  not  purified  further  but  was  instead 
treated  with  thlonyl  chloride  in  refluxing  diethyl  ether  to  form 

3.5- diraethoxybenzyl  chloride,  white  solid,  bp  101- 102 “C/0.55  nm,  in 
855S  yield.  This  chloride  was  converted  to  the  corresponding  nitrile, 

3.5- dimethoxybenzyl  cyanide,  bp  122- 124 “C/O. 5-0 -6  mm  (93^  yield),  by 
refluxing  with  sodium  cyanide  in  aqueous  ethanol. 

The  last  step  in  the  sequence,  the  preparation  of  2-(3>5-dl- 
methoxyphenyr)-2-methylproplonltrlle,  has  been  reported  by  Adams  and 
coworkers ( 5 ) ,  Attempts  to  repeat  their  procedure  led  to  the  pro¬ 
duction  of  mixtures  of  dl-  and  monoraethylated  nitriles.  Two  experi¬ 
ments  were  carried  out.  The  first  experiment,  following  closely 
the  procedure  outlined  by  Adams,  resulted  In  a  mixture  composed  of 
approximately  SOJg  dlmethylated  nitrile  together  with  20^ 
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monoim^t.liylatcd  nitrile.  It  was  not  possible  to  separate  these  pro- 
durto  by  distillation.  It  was  necessary  to  recycle  the  mixture  in 
order  to  obtain  pure  dimethylated  nitrile.  A  second  expertment, 
exaggerating  the  reaction  conditions  described  by  Adams  in  order  to 
favor  the  formation  of  the  desired  dimethylated  nitrile,  also  led 
to  an  80:20  mixture  of  nitriles  as  had  the  initial  experiment,  this 
in  spite  of  the  fact  that  a  very  large  excess  of  methyl  iodide  had 
been  used.  The  original  work  by  Adams  and  coworkers  was  done  before 
the  VPC  technique  had  been  developed  and  it  is  felt  that  the  pro¬ 
duct  'described  by  Adams  was,  in  fact,  a  mixture  of  mono-  and  di¬ 
methylated  nitriles,  since  the  mixtures  produced  during  the  present 
investigation  had  properties  Identical  to  those  described  by  Adams. 
Recycled  nitrile  mixtures  led  to  the  isolation  of  2-(5,5-dimethoxy- 
phenyl)-2-methylproplonltrlle  of  purity  97-99  area-j^  (VPC).  A 
sample  995^  pure  boils  at  150-155®C/0.6  mm,  ngo  1.5225* 

b .  2-(3,5-Dimethoxyphenyl)-2-methylproplonitrlle  from  Isobutyro- 
nltrile  Although  the  route  to  I  by  resorcylatlon  of  butanone  was  not 
practical,  it  was  hoped  that  the  substitution  of  a  nitrile  less  sus¬ 
ceptible  to  base-catalyzed  self-condensation  for  the  ketone  would 
have  better  results  and  lead  to  this  key  intermediate. 
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A  single  experiment  was  carried  out.  The  results  were  similar  to 
those  in  experiments  where  butanone  had  been  used.  Only  a  trace  of 
what  may  have  been  the  desired  product  could  be  detected.  The  major 
reaction  product  was  3.5-dlmethoxyanlllne,  and  a  significant  amount 
of  l-chloro-2,4-dlmethoxybenzene  was  reclaimed  unchanged. 

This  route  to  the  nitrile  intermediate  has  been  abandoned  in  favor 
of  the  route  from  3,5-dlmethoxybenzolc  acid,  described  above. 

c.  2-(3.3-DliiieLhux.vphenyl)-g-methylheptanone-3,  Precursor  of  VII 
The  Reaction  of  pure  2-(3,5-dlmethoxyphenyl)-2-methylproplonitrlle 
with  butylmagneslum  chloride  was  carried  out  on  a  0.1-mole  scale  to 
yield  595^  (by  VPC)  of  the  ketone  (bp  120°C/0.65  mm,  ng°  1.5114). 

The  procedure  was  essentially  that  used  by  Adams  and  co-workers^^) 
for  similar  compounds.  2-(3»5-I>imethoxyphenyl)-2-methylheptanone-5 
is  a  new  compound. 


MeO  OMe  MeO  OMe 

d.  Attempted  Preparation  of  2-(3.5-I>imethoxyDhenyl)-2-methyl- 
heptane.  Precursor  of  VII  Suter  and  WeBton^®^^)  and  Adams  and  co- 
workers^*^^  have  reported  successful  Wolff-Klshner  reductions  of  3>5- 
dlmethoxybenzoylalkanes 

MeO 
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where  R  is. a  normal  alkyl  group  of  Cs  to  Cb,  in  yields  of  from 


54-855^.  Since  the  work  of  both  groups  was  published  before  1946, 
the  modern  Huang-Minlon^ modification  of  the  Wolff-KlBhner 
reaction  was  not  used.  Suter  and  Weston  described  their  procedure, 
while  Adams'  group  did  not  report  the  details  of  the  reductions. 

For  ketones  more  nearly  resembling  2-( 5>5-dlmethoxyphenyl)-2- 
mcthylhcptanone-5,  Adams  and  coworkers  did  not  use  the  Wolff-Klshner 
reduction.  For  ketones  of  the  type 


PHa 

HaC-b-C-n 


where  R  is  a  normal  alkyl  group,  they  reduced  the  ketone  to  the 
corresponding  secondary  alcohols,  which  were  subjected  to  the 
Chugaev  reaction  and  the  resulting  olefins  hydrogenated. 

In  an  effort  to  conserve  time,  we  decided  to  attempt  a 
Wolff-Kishner  reduction  of  the  2-(5,5-dlmethoxyphenyl)-2-methyl- 
heptanone-3,  rather  than  follow  the  more  complicated  reduction 
scheme  used  by  Adams  and  co-workers. 


(CH3)2qCC4He 


NNHa 

( 0113)2000489 


MeO  OMe 


MeO  OMe 


(  CH3)j>C-CH2C4H9 


MeO  OMe 


This  type  of  ketone  is  sterlcally  hindered,  so  the  Wolff- 
Kishnor  procedure  developed  especially  for  sterically-hindered 
carbonyl  functions  by  Barton,  Ives,  and  Thomas^ was  selected. 

This  procedure  incorporates  the  Huang-Mlnlon  technique,  and  also 
involves  the  use  of  anhydrous  hydrazine.  The  -results  were  negative, 
so  it  may  be  that  this  type  of  ketone  does  not  respond  to  the 
Wolff-Kishner  reduction.  Instrumental  evaluation  revealed  the  major 
reaction  product  to  be  2-(5, 5-dlhydroxyphenyl)-3-heptanone.  Appar¬ 
ently  a  base- catalyzed  ether  cleavage  had  taken  place,  while  the 
carbonyl  function  had  remained  Intact.  The  yield  of  what  apparently 
was  2-(3,5-dihydroxjrphenyl)-5-heptanone,  determined  by  VPC,  was  2956. 
This  material  was  collected  as  an  amber,  viscous  liquid,  bp  138- 
l4l°C/0.40  mm,  n^o  1.5252.  In  addition  to  this  reaction  product,  a 
trace  of  unaltered  starting  material  was  recovered,  together  with 
small  amounts  of  lower-boiling  unidentified  materials.  The  reaction 
also  produced  a  moderate  quantity  of  brittle  orange  solid  that  was 

insoluble  in  water,  ethejs  and  benzene.  It  is  possible  that  this 
solid  may  have  been  the  ketazine,  a  known  by-product  of  the  Wolff- 

Kishner  reduction  . 
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The  carbonyl  reduction  method  used  by  Adams  and  co-workers  for 
this  type  of  ketone  may  be  preferable  to  the  Wolff-Kishner  I’eduction. 
Sufficient  good  purity  2-(3, 5-dimethoxyphenyl)-2-methylpropionitrile 
was  available  to  prepare  more  of  the  required  ketone,  but  further 
work  on  this  intermediate  was  suspended  because  of  depletion  of  avail¬ 
able  funds. 


III.  CONCLUSIONS 


A .  THE  BEST  COMMERCIAL  SCALE  PREPARATION  OF  'j-UIHYDROXYPHENYLl- 

^-METHYLOCTANE  (I) 

The  key  intermediates  in  this  preparation  are  l-chloro-3, 5-di- 
methoxybenzene,  its  Grignard  reagent,  and  2-{3,5-dlniethoxyphenyl)-3- 
inethyloctanol-2 .  The  best  preparation  of  the  first  of  these  is  by  the 
methanolysis  of  trichlorobenzene.  The  Grignard  reagent  is  best  pre¬ 
pared  in  tetrahydrofuran  solution.  The  key  carbinol  could  be  formed 
by  reaction  of  either  3-inethyloctanone-2  or  2-methylheptanonitrile 
with  the  Grignard  reagent.  No  really  satisfactory  preparation  of  5- 
methyloctanone-2  is  available.  If  there  were  one,  there  would  still 
be  the  problem  of  the  aldol  self-condensation  of  the  ketone  during 
the  Grignard  reaction  step.  The  reaction  via  2-methylheptanonitrile 
meets  the  problem  in  a  reasonably  economical  way. 

The  carbinol,  2-( 3,5-dimethoxyphenyl)-3-methyloctanol-2,  is  con¬ 
verted  to  2-(3,  5-dlmethoxyphenyl)-3-methyloctane  by  dehydration  and 
reduction.  A  catalytic  hydrogenolysls  might  be  suitable  for  this 
transformation.  However,  up  to  now,  catalyst  poisoning  has  been  the 
main  problem  in  all  of  the  hydrogenation  work. 

2-( 3,5-Dlmethoxyphenyl)-5-methyloctane  is  cleaved  to  the  desired 
resorcinol  I  by  the  known  procedure . 


+  NaOMe 


MeO  OMe 


0^3 

0=C-OT-C5Hii 


H3C-P-CH-C5H1 1 


MeO  OMe 


H3CCHCHC5H] 


olefins  H? 


MeO  OMe 


MeO  OMe 


CHa 

H3CCHCHC5H11 


HO  OH 


No  practical  way  was  found  to  circumvent  a  Grlgnard  reaction  in¬ 
volving  5,5-dimethoxyphenylmagnesium  chloride.  None  of  the  other 
routes  were  close  to  being  competitive. 

B.  LABORATORY  PREPARATIONS  OP  SIX  OTHER  RESORCINOLS 


1.  Resorcinols  II  and  IV 

These  two  resorcinols  were  prepared  in  the  laboratory  by  the  re¬ 
action  of  the  appropriate  dimethylheptanonltrlle  with  5,5-dimethoxy- 
phenylmagnesivun  chloride,  followed  by  a  Wlttlg  reaction,  reduction,  ’ 
and  cleavage. 


0=P-R 


H3C.CHR 


I  +  RCH 


,  CbH  t;)nP=CHg 


MeO  OMe 


MeO  OMe 


H2C=C-R 


MeO  OMe  MeO  OMe 


H3CCHR 


9  9^3 

CHCH- 


HO  OH 


resorcinol  II,  R  =  C4H2 


95H11 

resorcinol  IV,  R  =  (CHaJsC- 


I 


2.  Resorcinols  III,  VI.  and  VII 

The  recommended  routes  to  these  three  resorcinols  is  by  reaction 
of  2-(;5,5-dlmethoxyphenyl)-2-methylproplonltrile  with  an  alkyl  Grlg- 
nard  followed  by  a  subsequent  Grlgnard  reaction  to  give  a  precursor 
of  III,  or_reduction  to  give  precursors  of  VI  or  VII. 


VI,  R  =  C3H7 
VII,  R  =  C4H9 


The  preparation  of  resorcinol  VII  was  actually  carried  as  far 
as  2-(5,5-dimethoxyphenyl)-2-methylheptanone-3,  and  an  unsuccessful 
attempt  was  made -to  reduce  that  intermediate  directly  to  2-(3,5-diraeth- 
oxyphenyl) -2-methylheptane . 

3.  Resorcinol  V 

No  practical  laboratory  synthesis  of  rx^sorcinol  V  was  worked  out . 
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IV.  EXPERIMENTAL 

A.  COMPOUNDS  AND  REACTIONS  RELATED  TO  g-( 3. 5-DIIIYDR0XYPHENYl)-3-METH- 
YLOCTANE  >(l) 

'  Because  of  the  very  large  number  of  compounds  examined  on  over¬ 

lapping  routes  to  this  resorcinol,  the  compounds  in  the  experimental 
section  that  relate  to  resorcinol  I  are  arranged  in  an  alphabetical, 
rather  than  logical,  order. 

1.  5-Amlnoresorcinol 

In  response  to  our  inquiry  about  5-aniinoresorclnol,  the  Dow 
Chemical  Company  stated  that  they  had  worked  out  a  process  for  making 
this  compound,  but  that  the  expected  cost  would  be  relatively  high. 

Since  they  could  not  supply  us  with  any  research  samples,  they  could 
not  expedite  the  research  program.  It  is  questionable  whether  the 
existence  of  their  process  would  provide  the  Chemical  Corps  with  a 
source  of  large  quantities  more  cheaply  than  would  the  benzyne  reaction 
on  l-chloro-2, 4-dlmethoxybenzene . 

2.  Amyl  Chlorosulfonate^ 

The  reaction  was  carried  out  in  a  three-necked  500  ml  flask  equipped 
with  stirrer,  condenser,  dropping  funnel,  and  an  inlet  for  dry  nitrogen. 
The  flask  was  charged  with  freshly  distilled  sulfuryl  chloride  (155  g, 

1.0  mole).  An  ice-water  bath  was  placed  around  the  flask.  Freshly 
distilled  n-amyl  alcohol  (88.2  g,  1.0  mole)  was  added  dropwise  over  a 
45-minute  period.  Hydrogen  chloride  was  evolved  during  the  addition. 

The  ice-water  bath  was  removed  and  the  mixture  stirred  for  I.5  hours, 
during  which  time  dry  nitrogen  was  bubbled  through  the  reaction  mixture 


to  displace  residual  hydrogen  chloride.  The  crude,  sweet-smelling 
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chlorosulfonate  was  then  transferred  to  a  dropping  funnel  attached  to 
the  flask  In  which  crude  diamyl  sulfite  had  been  simultaneously  pre¬ 
pared  . 

5.  Bls( 3.5-dlmethoxyphenyl)amlne 

(See  tinder  5) 5-dimethoxyanlllne,  section  IV. A. 20. a.)  _  ^ 

4 .  l-Bromo-2) 4-dlmethoxybenzene 

The  reaction  was  carried  out  under  a  dry  nitrogen  atmosphere  in  a 
3-necked,  2-liter  flask  equipped  with  dropping  funnel,  stirrer,  conden¬ 
ser,  and  thermometer.  Sodium  hydroxide  (lOO  g,  2.50  moles)  was  dissolved 
in  640  ml  of  water.  4-Bromoresorcinol  (Aldrich)  (9^+.5  Sj  0.50  mole)  was 
added,  followed  by  the  dropwise  addition  of  dimethyl  sulfate  (224.5  g, 
1.78  moles).  The  addition  of  the  dimethyl  sulfate  required  45  minutes, 
the  temperature  of  the  mixture  rising  to  64 ”0  at  the  completion  of  the 
addition.  The  mixture  was  then  refluxed  for  4  hours  at  98“C.  The  re¬ 
action  mixture  was  then  transferred  to  a  separatory  funnel  and  extracted 
thrice  with  250-ml  portions  of  ether.  The  extracts  were  combined  and 
washed  twice  with  200-ml  portions  of  water,  then  dried  over  anhydrous 
magnesium  sulfate.  Ether  was  removed  from  the  dried  extract  to  leave 
83.2  g  of  a  brown,  syrupy  residue.  This  residue  was  distilled  through 
a  1-foot  glass  helix-packed  column  to  yield  76  g  of  l-bromo-2,4-dimethoxy 
benzene  (7^^  yield),'  bp  115-115 ‘’C/2. 6  mm;  nf)°  1.5726;  reported^^^^ 
bp  135** C/18  mm,  158-159‘’C/30  mm. 

5.  2-Bromoheptane 

a.  From  1-Heptene  The  procedure  followed  was  essentially  that  of 
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Splegler  and  Tlnker(Q5) .  into  a  mixture  of  29^  g  {2.99^i  moles)  of 
1-heptene  and  750  g  of  chloroform,  cooled  to  -20‘’C  and  stirred 
continuously,  was  Introduced  a  rapid  stream  of  dry  hydrogen  bromide. 
This  reaction  was  carried  out  In  subdued  light  and  under  a  dry  nitrogen 
atmosphere.  The  'theoretical  amount  of  hydrogen  bromide  was  absorbed 
in  about  12  hours.  The  reaction  mass  was  then  washed  with  cold  water, 
and  the  oil  was  distilled  through  a  short,  packed  column.  After  re¬ 
moval  of  the  chloroform,  457-3  g  of  a  mixture  of  1-  and  2-bromoheptane 
(82^  of  theoretical)  was  obtained.  This  mixture  of  bromides  contained 
22^  of  the  desired  2-bromoheptane  and  78^  of  l-broraoheptane , 

b.  From  2-Heptanol  Into  a  1000  ml  flask  was  placed  228  g 
(1.97  moles)  of  2-heptanol  and  the  solution  was  cooled  to  -20'’C.  To 
this  cold  stirred  solution  194  g  (0.72  mole)  of  phosphorus  trlbromlde 
was  added  dropwlse  over  2  1/2  hours  so  that  the  reaction  temperature 
was  maintained  below  -10®C.  The  solution  was  then  allowed  to  come  to 
room  temperature  and  stand  overnight.  The  mixture  was  poured  onto 
400  g  of  Ice  and  the  organic  layer  was  separated.  After  being  washed 
with  NaHCOa  solution.  It  was  distilled  yielding  507  g  (88?^)  of  a 
colorless  liquid,  bp  64-66 °C/25  mm. 

6.  l-Chloro-2, 4-dlmethoxybenzene 

To  a  cold  solution  of  900  g  (22.5  moles)  of  sodium  hydroxide 
in  5400  ml  of  water  was  added  656  g  (4.4  moles)  of  4-chlororesorclnol. 
This  solution  was  vigorously  stirred  and  cooled  to  10®C.  An 
atmosphere  of  nitrogen  was  Introduced,  and  from  a  dropping  funnel 
.1990  g  (15*75  moles)  of  dlmethylsulfate  was  slowly  added.  This 
moderately  exothermic  addition  required  about  5,5  hours.  At  the  end 


of  the  addition  the  temperature  of  the  mixture  had  rlaen  to  53“C. 

The  mixture  was  then  refluxed  for  17.5  hours.  The  reaction  mass 
was  extracted  thoroughly  with  ether,  the  extract  washed  with  water 
and  dried  over  anhydrous  magnesium  sulfate .  The  ether  was  hen  re¬ 
moved  under  reduced  pressure  by  means  of  a  rotary  evaporator.  The 
residue  was  distilled  through  a  short,  packed  column,  and  yielded 
616.7  g  (815^)  of  a  pale  yellow,  almost  colorless  liquid;  bp  77-80“C/ 
0.65  nun,  n®°  1.5478;  reported:  bp  135-7‘’C/17-l8  mm  C9)_ 

Anal.  Calcd.  for  CgHgOaCl;  C,  55.7;  H,  5.3;  Cl,  20. 5. 

Found;  C,  55.5;  H,  5.1;  Cl,  20.4.  The  product  has  a  tendency  to 
darken  on  storage,  so  It  should  be  stored  under  dry  nitrogen  in  the 
cold  and  away  from  light. 

7 .  l-Chloro-3.5~dlmethoxybenzene 

a.  From  3«5-Dimethoxyaniline  The  dlazonium  solution  was  pre- 
pared(2)  from  6I.3  g  (0.40  mole)  of  3, 5-dlmethoxyanlline.  This  was 
subsequently  reacted  with  freshly-prepared  cuprous  chloride  solution 
(representing  O.50  mole  CuCl).  The  reaction  mixture  was  steam  dis¬ 
tilled.  The  organic  portion  of  the  steam  distillate  was  taken  up  in 
ether.  The  ether  extract  was  dried,  then  evaporated  under  reduced 
pressure  leaving  53.6  g  of  an  amber  oil.  -This  oil  was  then  distilled 
under  reduced  pressure.  The  product  was  collected  as  a  water-white 
liquid,  bp  69-70'*C/0.75  mm.  After  a  brief  period  the  distillate  cry¬ 
stallized  as  small,  colorless  plates,  mp  34-35. 5°C  (llt(53,42). 

The  yield,  based  on  VPC  assay,  was  29  g  or  ^2%, 

Anal.  Calcd.  for  CsHaClOs;  C,  55.7;  h,  5-3;  Cl,  20.5. 

Pound:  c,  55.6;  H,  5.0;  Cl,  20.6. 
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b.  From  Nltroaophenol  Tlie  procedure  of  GoldBchmldt  and 
Suchanek(53)  was  followed.  Anhydrous  hydrogen  chloride  wac  passed 
into  a  flask  containing  a  solution  of  98.5  6  (0.80  mole)  of  technical 
£-nitrosophenol  in  a  mixture  of  5OO  ml  of  absolute  methanol  and  500  ml 
of  anhydrous  diethyl  ether.  The  gas  was  introduced  at  a  rapid  rate 
while  maintaining  the  temperature  at  28-55°C  until  vapors  could  be 
observed  coming  through  the  condenser  and  then  for  I.3  hours  longer. 
The  mixture  was  then  stirred  in  an  ice  bath  for  one  hour  and  filtered. 
The  precipitate  was  washed  with  ether  and  was  then  subjected  to  vacuum 
to  remoye  residual  solvent  and  hydrogen  chloride. 

The  deamination  procedure  employed  was  that  of  Adams  and 

Komblum  .  A  solution  of  110  ml  of  concentrated  hydrochloric 
acid  in  1  liter  of  water  was  heated  to  and  then  the  previously 

collected  amine  hydrochloride  was  dissolved  in  it.  The  solution  was 
cooled  and  at  15*C  another  110  ml  portion  of  concentrated  hydro¬ 
chloric  acid  was  added.  To  this  there  was  added  portlonwlse  a 
solution  of  55.2  g  (0.8  mole)  of  sodium  nitrite  in  120  ml  Of  water 
while  maintaining  the  temperature  at  5-15®C.  The  resulting  dlazonium 
salt  solution  was  stirred  in  an  ice  bath  for  0.7  hour  and  then  fil¬ 
tered.  The  deep  red  filtrate  was  immediately  poured  into  820  ml 
of  cold  50-5256  hypophosphorus  acid  and  the  resulting  mixture  allowed 
to  stand  overnight  at  room  temperature. 

The  product  was  removed  from  the  aqueous  reaction  medium  by 
ether  extraction.  The  ether  extracts  were  combined,  washed  with 
several  portions  of  20^  sodium  hydroxide  solution,  and  dried  over 
anhydrous  potassium  carbonate.  After  filtration  and  removal  of  the 
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solvent,  there  was  obtained  59.1  g  of  crude  product  (96$^  pure  by 
VPC)  representing  a  conversion  of  4l^.  Distillation  gave  51.5  g 
(57^  Conversion)  of  pure  l-chloro-5,5-<iimethoxybenzene,  bp  63-65°C/ 
0.33  nun,  which  crystallized  on  standing,  mp  38“C,  reported (55, 42)  jj^p 
38'’C. 

c.  From  1, 3, 5-Trl chlorobenzene 

(l)  Normal  Quantity  of  Solvent  A  2000-ml  reaction  flask 
was  charged  with  294.3  g  (1.622  mole)  of  1, 3, 5- trl chlorobenzene  (TGE) 
and  184  g  (3.4l  moles)  of  sodium  methoxlde  in  500  ml  of  dry  dlglyme 
and  the  mixture  was  heated  at  reflux  {l64'’G)  for  42  hours. 

After  cooling  to  room  temperature,  the  mixture  was  filtered  and 
most  of  the  solvent  was  removed  by  distillation  at  ambient  pressure. 
Distillation  of  the  residue  gave  the  cuts  listed  In  Table  6: 

Table  6 

RESULTS  OP  DISTILLATION. 

SYNTHESIS  OF  l-CHLORO-3, 5-UIMETHOXYBENZENE 


Fraction 

2 

_ 

4 

bp,  ®C/5  mm 

92-96 

96-97.1 

97.5-99 

Weight ,  g  ^ 

Comoosltlon  in  area-9^,  by  VPC 

38.3 

35.7 

147.7 

diglyme 

10.4 

6.1 

2.1 

l-methoxy-3,5-dlchloro- 

benzene 

29.8 

16.4 

2.5 

1 -chloro-3 . 5-dlmethoxy- 
benzene  (desired 
product) 

r  Ci 

77.8 

94  .7 

The  distillation  was  carried  out  uBlnp;  a  12-inch,  glass  helix- 
packed  column.  A  more  efficient  fractionating  system  could  easily 
effect  better  separation.  The  Important  point  Is  that  the  over¬ 
all  yield  of  l-chloro-3,5-dlmethoxybenzene  based  on  VPC  was  70^, 

(2)  With  InBufTlclent  Solvent  1,5»5-TCB  was  methanollzed 
by  the  procedure  described  above,  using  45.4  g  (0.25  mole)  1,5,5-TCB; 
29.7  g  (0.55  mole)  sodium  methoxide;  and  I6.8  g  (0.125  mole)  dlglyme. 
The  weight  of  residue  obtained  was  4l  g.  Distillation  gave  three 
fractions:  2.1  g  bp  4l-85‘’C/4.5  mm,  23  area-5^  3,5-dlchloroanlsole 
and  3  area-^  l-chloro-3,5-dimethoxybenzene,*  10.1  g  bp  85-89'’C/4.3  mm, 
73  area-^  3»5-dlchloroanlsole  and  26  area-^  l-chloro-3,5-dlmethoxy- 
benzene;  and  17.2  g  bp  91-94“C/4.3  mm,  29.7  area-jg  3, 5-dlchloroanlsole 
and  70*3  area-56  l-chloro-3,5-dimethoxybenzene.  Yields,  by  VPC,  were 
295^  of  3»5-dlchloroanlsole  and  34/^  l-chloro-3,5-dlmethoxybenzene. 

(3)  With  More  Nearly  Optimum  Quantity  of  Solvent  The  re¬ 
action  was  repeated  as  in  the  above  paragraph,  except  that  twice  as 
much  dlglyme  was  used.  The  weight  of  residue  obtained  was  38.7  g. 
Distillation  gave  three  fractions:  3.7  g  bp  43-85 ‘’C/4. 3  mm,  3  area-56 
3»5-dlchloroanl8ole  and  no  l-chloro-3, 5-dlmethoxybenzene;  3.7  g  bp 
85-91*0/4.3  mm,  60  area-56  3,5-dichloroaniBole  and  30  area-j6  l-chlorp- 

3.5- dljnethoxybenzene;  and  22.8  g  bp  92-95"C/4.3  mm,  12.1  area-^  3,5 
dlchloroanlsole  and  87.7  area-56  l-chloro-3»5”dimethoxybenzene.  The 
yield  of  l-chloro-3, 5-dlraethoxybenzene  was  5PJ8  (by  VPC)  and  that  of 

3.5- dlchloroani8ole  was  II56  (by  VPC). 
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d .  Afcempbed  Preparation  or  l-Chloro-3i 3-dlmethoxybenzene  from 
l-Chloro-2. 4-dlmethoxybenzene,  Lithium  Chloride,  and  Dimethyl formamlde 

A  dry  1000-ml,  three-necked  flask  was  equipped  with  a  Hershberg  stirrer, 
dry  nitrogen  Inlet,  thermometer  and  PrledeiicfrB  condenser  topped  with 
a  drying  tube.  The  flask  was  charged  with  l-chloro-2,4-dlmethoxy- 
benzene  (45.2  g,  0.25  mole),  lithium  chloride  (55,0  g,  1.25  moles)  and 
500  ml  of  dry  N,li-dlmethylformamide.  Dry  nitrogen  was  circulated 
through  the  system  and  stirring  was  begun.  There  was  an  immediate 
exotherm,  the  temperature  rising  to  52 “C  (probably  due  to  the  heat 
of  solution  of  lithium  chloride).  The  mixture  was  heated  to  155"C 
for  3  hours.  About  half  way  through  the  heating  period  the  solution 
developed  an  intense  pink  color.  The  reaction  mixture  was  cooled  to 
room  temperature,  transferred  to  a  separatory  funnel >  and  thoroughly 
shaken  with  water  and  ether.  The  ether  extract  was  washed  with 
water  and  dried  over  sodium  sulfate.  Ether  was  removed  under  reduced 
pressure,  and  the  residue  fractionated.  Starting  material,  1-chloro- 
2,4-dlmethoxybenzene,  was  recovered  almost  quantitatively, 

8.  4-Chloro-3-methoxytoluene 

A  5000-ml  reaction  flask  equipped  with  a  stirrer,  thermometer, 
and  condenser  was  charged  with  2800  ml  of  water  and  291  g  (7.26  moles) 
of  sodium  hydroxide  were  dissolved  therein.  After  cooling  to  room 
temperature,  427.7  g  (5.0  moles)  of  4-chloro-ni-creBol  was  added  In  por¬ 
tions.  Then  65I  g  (5.16  moles)  of  dimethyl  sulfate  was  added  dropwlse 
in  1.3  hours.  The  addition  was  started  at  35“C  and  when  it  was  com¬ 
pleted,  the  temperature  had  risen  to  55®C.  The  mixture  was  then  heated 
at  reflux  for  17.5  hours.  After  cooling  to  room  temperature,  the  reac¬ 
tion  mixture  was  extracted  with  several  250-ml  portions  of  ether.  These 
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extracts  were  combined,  washed  with  three  JOO-ml  portions  of  water, 
and  dried  over  anhydrous  magnesium  sulfate.  After  filtration  and  re¬ 
moval  of  the  solvent,  distillation  gave  g  (93^  yield)  of  4-chloro- 
3-methoxytoluene,  bp  87-88°C/6,5  min;  calculated  for  CaHgClO:  C,  61.5,' 

H,  5.8;  Cl,  22,6;  found;  C,  6I.3;  H,  5,8;  Cl,  22.6,  VPC  showed  the 
product  to  be  greater  than  99  area-^  pure. 

9.  Attempted  Formation  of  5-Chlororesorcinol 

A  500-ml  flask  equipped  with  a  stirrer,  thermometer,  condenser 
with  drying  tube,  and  solids  addition  funnel  was  charged  with  31.6  g 
(0.25  mole)  of  phlorogluclnol  in  100  ml  of  dry  benzene.  To  this,  52. 1  g 
(0.25  mole)  of  phosphorus  pentachlorlde  was  added  portionwise  with  no 
appreciable  indication  of  reaction.  The  mixture  was  heated  at  reflux 
for  16  hours  and,  although  a  clow  evolution  of  hydrogen  chloride  was 
evident  throughout  reflux,  no  definable  product  was  obtained  on  work-up. 

10.  Dlamyl  Sulfate 

a.  Unsuccessful  Attempt  The  Organic  Syntheses  procedure^^^)  for 
dibutyl  sulfate  (section  IV. A. 11,  below)  was  used  as  a  model  for  diamyl 
sulfate,  without  success.  In  this  route,  amyl  chlorosulfonate, 
C5H11OSO2CI,  is  formed  from  diamyl  sulfite  and  thionyl  chloride.  The 
route  requires  a  distillation  at  a  high  pot  temperature  and  resulted  in 
formation  of  a  large  quantity  of  tar. 

b.  From  Amyl  Chlorosulfonate  and  Dlamyl  Sulfltg(13)  Crude  diamyl 
sulfite  was  rapidly  heated  to  about  115 ®C,  and  crude  chlorosulfonate 
added  dropwise  over  a  2-hour  period.  The  temperature  of  the  reaction 
mixture  was  not  allowed  to  exceed  120‘*C  during  the  addition.  The  mixture 
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was  then  heated  an  additional  30  minutes  (temperature  of  the  mixture 
not  allowed  to  exceed  130*’C),  during  which  time  dry  nitrogen  was 
bubbled  through  the  mixture  to  displace  residual  gases.  The  reaction 
mixture  was  cooled  to  room  temperature  and  200  ml  each  of  water  and 
ether,  together  with  a  little  charcoal  were  added.  Tlie  mixture  was 
then  filtered  through  a  "Celite"  mat,  and  the  filtrate  transferred  to  a 
separatory  funnel.  The  organic  layer  was  set  aside,  and  the  aqueous 
layer  extracted  with  additional  ether.  All  organic  phases  were  combined 
and  washed  with  cold  sodium  carbonate  solution,  and  finally  with  cold 
water.  After  drying  over  anhydrous  magnesium  sulfate,  ether  was  re¬ 
moved  under  reduced  pressure.  The  residue  was  distilled  to  yield  203  g 
(85^)  of  dlamyl  sulfate,  bp  102-105°C/0.6  mm,  1.42,90;  lit. (15,53) 
bp  117*0/2.5  nun,  128-130*0/3  mm,  n|°  1.429. 

11.  Dlamvl  Sulflte(l^) 

The  reaction  was  carried  out  in  a  three-necked  1000  ml  flask 
equipped  with  stirrer,  condenser,  dropping  funnel,  and  an  inlet  for  dry 
nitrogen.  The  flask  was  charged  with  freshly  distilled  n-amyl  alcohol 
(194  g,  2.2  moles).  Freshly  distilled  thionyl  chloride  (130. 9  g,  !•! 
moles)  was  added  dropwise  over  a  40-minute  period.  Hydrogen  chloride 
was  evolved  during  the  moderately  exothermic  addition.  The  mixture  was' 
gently  heated  in  an  oil  bath  for  80  min.  During  this  heating  period 
dry  nitrogen  was  bubbled  through  the  reaction  mixture  to  displace 
residual  hydrogen  chloride.  The  maximum  temperature  of  the  mixture 
during  this  preliminary  heating  period  was  80°C. 
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12 .  Dlbutyl  Sulfate(^^^‘) 

A  '300-ml  reaction  flask  was  charged  with  207.4  G  (I.O65  mole)  of 
dlbutyl  sulfite.  Then  '(2  g  (0.^33  mole)  of  sulfuryl  chloride  was  added 
dropwlse  over  a  20-mlnute  period,  the  temperature  rising  from  25  to  36‘’C. 
The  mixture  was  then  heated  at  reflux  for  0.5  hours.  After  this  time, 
a  distillation  head  was  put  on  the  flask  and  butyl  chloride  was 
distilled  off  to  a  pot  temperature  of  l46“C.  After  cooling  to 
room  temperature,  50  ml  of  saturated  sodium  carbonate  solution 
was  added  and,  after  stirring  for  10  minutes,  the  mixture  was 
allowed  to  stand  one  hour.  The  two  layers  were  then  separated 
and  the  upper  layer  was  dried  over  calcium  chloride.  After 
filtration,  distillation  gave  93  g  (835^  yield)  of  dlbutyl  sulfate, 
bp  84-87*0/0.5*0.4  mm. 

13.  Dlbutyl  Sulflte(Q‘^) 

A  lOOO-ml  reaction  flask  was  charged  with  204  g  (2.75  mole)  of 
anhydrous  n-butyl  alcohol.  Then  I68.9  g  (1.25  mole)  of  thlonyl  chloride 
was  added  dropwlse  In  one  hour.  The  temperature  was  kept  at  35-45*0 
with  a  cooling  bath  during  the  first  part  of  the  addition,  but  as  the 
evolution  of  hydrogen  chloride  became  vigorous,  heating  was  required 
to  maintain  this  temperature.  When  addition  was  completed,  the  mixture 
was  heated  at  reflux  (pot  temperature  193*0)  for  thirty  minutes. 
Distillation  then  gave  230.2  g  (95^  yield)  of  dlbutyl  sulfite,  bp  IO9- 
110*0/15  mm. 

14.  4, 4-DlGhlorobuten-3-one-2( 58) 

A  1000-ml  reaction  flask  was  charged  with  235,5  g  (3.0  moles)  of 
acetyl  chloride.  Then  233.3  g  (1.0  mole)  of  anhydrous  aluminum  chloride 
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was  added  In  portions  while  keeping  the  temperature  below  lO^C.  The 
mixture,  which  was  thick  and  difficult  to  stir,  was  then  allowed  to 
warm  up  to  room  temperature  and  148  g  (I.5  moles)  of  vlnylidene 
chloride  (Dow)  was  added  dropwise  over  a  period  of  I.7  hours  keeping  the 
temperature  below  30“C.  The  mixture  was  stirred  for  50  minutes  and 
was  then  hydrolyzed  by  pouring  onto  2  liters  of  crushed  ice. 

After  stirring,  the  resulting  layers  were  separated  and  the  aqueous 
layer  was  extracted  with  three  300-ml  portions  of  ether  and  discarded. 
The  ethereal  solutions  and  the  organic  layers  were  combined,  washed 
successively  with  500  ml  of  water,  six  300-ml  portions  of  15j^ 
potassium  carbonate,  and  two  500-ml  portions  of  water  and  then 
dried  over  anhydrous  sodium  sulfate.  After  filtration  and  removal 
of  the  solvent,  the  residue  was  dark  and  fumed,  indicating  incomplete 
dehydrohalogenatlon  of  the  intermediate  /?,/S,^-trlchloroketone,  so 
the  entire  washing  procedure  was  repeated.  After  drying  and  re¬ 
moval  of  the  solvent,  distillation  of  the  residue  gave  164.1  g 
(805^  yield)  of  4,4-dlchlorobuten-3-one-2,  bp  Bl'C/SO  imn,  np°  1.4930j 
reported^?®);  bp  58“C/15  mm,  n|°1.4940,-  calculated  Cl:  Sl.ljf; 
found  Cl:  50, 85^. 

15.  Reaction  of  4,4-Dlchlorobuten-3-one-2  and  Sodium  Dimethyl  Malonate 
A  500-ml  flask  was  charged  with  38.9  6  (0.28  mole^  of  4,4-dichloro- 
buten-3-one-2 .  A  solution  of  0.25  niole  of  sodium  dimethyl  malonate  in 
125  ml  of  absolute  methanol  was  added  dropwise  in  40  minutes  while 
maintaining  the  temperature  below  35 “C.  The  first  few  drops  of  malonate 
salt  caused  reddish  coloration,  and  by  the  end  of  addition  the  reaction 
mixture  was  deep  red.  The  mixture  was  stirred  at  room  temperature  for 
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20  minutes,  and  then  a  solution  of  29  g  (0.5  mole)  of  potassium 
hydroxide  In  methanol  was  added,  keeping  the  temperature  below  35°C, 

The  color  was  somewhat  lighter,  and  a  precipitate  had  formed.  After 
filtration,  the  solvent  was  removed  from  the  filtrate  by  warming  under 
water  pump  vacuum  and  a  dark  solid  residue  was  obtained.  This  was 
suspended  in  ether  and  15/6  hydrochloric  acid  was  added  slowly  until  the 
solid  dissolved.  The  ethereal  portion  was  separated,  washed  with  water, 
and  dried  over  magnesium  sulfate.  After  filtration  and  removal 
of  the  solvent,  45.3  g  of  dark  red  residue  was  obtained.  Distilla¬ 
tion  failed  to  yield  any  distillate  up  to  a  pot  temperature  of  150*C/ 
3.0  mm,  and  a  rapid  increase  In  pressure  Indicated  extensive  de¬ 
composition. 

16 .  Diethyl  Benzylphosphonate 

A  500-ml  flask  was  charged  with  I91.I  g  (1.15  mule)  of  redistilled 
triethyl  phosphite  and  126.6  g  (l.O  mole)  of  benzyl  chloride.  Heating 
was  Initiated  and  at  a  pot  temperature  of  145 “C  reaction  started  as 
evidenced  by  the  condensation  of  the  by-product,  ethyl  chloride,  in 
a  Dry  Ice  trap  connected  to  the  exhaust  end  of  the  reflux  condenser. 

The  mixture  was  heated  at  150-155'’C  for  I7  hours.  At  the  end  of  this 
time  the  Dry  Ice  trap  contained  54.5  g  (85j6  of  theory)  of  ethyl 
chloride.  Distillation  of. the  residue  resulted  in  the  isolation  of 
221.1  g  of  diethyl  benzylphosphonate,  bp  100“C/0.3  ram,  n^°  I.4966, 
greater  than  99  area-56  pure  by  VPC.  The  yield  was  9756  of  theory. 

17.  Diethyl  l-Phenylamylphosphonate 

A  500-ml  reaction  flask  was  charged  with  9.4  g  of  51.8^  of  sodium 
hydride  (0.2  mole),  42.1  g  (0.2  mole)  of  dibutyl  sulfate,  and  45.6  g 
(0.2  mole)  of  diethyl  benzylphosphonate  in  100  ml  of  anhydrous 
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l,r*-d.lmethoxjfe'..haiio.  Heating  was  Initiated.  At  75“C  evolution 
of  hydrogen  was  very  vigorous  and  the  reaction  was  self-sustaining. 
The  temperature  rose  to  90®C  with  vigorous  reflux  before  subsid¬ 
ing.  The  mixture  was  then  heated  at  reflux  for  one  hour.  After 
cooling,  the  mixture  was  filtered  and  the  solvent  removed  by 
distillation  at  ambient  pressure.  Distillation  of  the  residue 
gave  46.5  g  (82$^  yield)  of  diethyl  1 -phenyl amyl phosphonate,  bp 
118-120®C/0 .3  mm,  ng®  1.4868,  greater  than  99  area-5^  pure  by  VPC. 

18.  Diethyl  1-Phenylethylphosphonate 

a.  By  the  Arbuzov  Reaction  A  500->’’l  reaction  flask  was 

charged  with  83.1  g  (0.5  mole)  of  trlethyl  phosphite  and  56  g 

(0.315  mole)  of  1-phenylethyl  bromide.  Heating  was  Initiated 

and  the  mixture  was  heated  at  155-177*0  for  1.35  hours.  The 

by-product,  ethyl  bromide,  was  removed  as  formed,  A  total  of 
( 

30.2  g  of  distillate  was  obtained,  which  was  9IJ6  of  "theory  for 
ethyl  bromide.  Distillation  of  the  pot  residue  gave  50  g  (68$^ 
yield)  of  diethyl  l-phenylethylphosphonate,  bp  101-102"C/0.22  mm, 
ngo  1.4938,  greater  than  99  area-^  pure  by  VPC. 

By  the  Methylatlon  of  Diethyl  Benzylphosphonate  A  1000- 
ml  reaction  flask  was  charged  with  113. 1  g  (0.495  mole)  of 'diethyl 
benzylphosphonate,  67  g  (O.53  mole)  of  freshly  distilled  dimethyl 
sulfate,  and  23.0  g  of  51.8^  sodium  hydride  dispersion  (contains 
0.495  mole  of  KaH)  in  200  ml  of  anhydrous  1,2-dlmethoxyethane. 
Heating  was  initiated.  At  a  pot  temperature  of  60"C  hydrogen  evolu 
tion  started.  The  temperature  was  kept  between  83  and  91"c  until 
hydrogen  evolution  was  complete.  The  mixture  was  then  heated  at 


reflux  for  75  minuten.  After  cooling,  the  mixture  was  filtered 
and  the  solvent  removed  at  reduced  pressure.  Distillation  gave 
108.2  g  of  a  fraction,  bp  115-ll4“C/o.5  mm,  ng®  1.4944,  which  VPC 
showed  to  be  27  area-jC  diethyl  1 -phenyl ethylphosphonate  and  75 
area-5^  diethyl  benzylphosphonate. 

19."  2-(5,5-Dlhydroxyphenyl)-5-mobhyloctane  (l) 

2-{3,5-Dlmethoxyphenyl)-3-ineLhyloctane  (20.0  g,  O.CffG  mole),  48$^ 
hydrobromlc  acid  (65  ml)  and  glacial  acetic  acid  (200  ml)  were  combined 
in  a  three- necked,  1-llter  flask  equipped  v.'lth  condenser,  stirrer,  and 
thermometer.  The  mixture  was  stirred  and  reflijxed  for  six  hours.  After 
cooling,  the  mixture  was  poured  onto  300  g  of  cracked  Ice  and  300  ml 
of  water.  Solid  sodium  bicarbonate  was  cautiously  added  to  neutralize 
the  strongly  acidic  mixture.  This  was  followed  by  ether  extraction. 

The  ether  extract,  extract  I,  was  then  extracted  with  105^  aqueous 
sodium  hydroxide.  The  basic  extract  was  acidified  with  hydrochloric 
acid  and  extracted  with  ether,  extract  II.  Extract  I  was  evaporated 
to  yield  2.5  g  of  what  was  presumably  unclcaved  ether.  Extract  II  was 
evaporated  to  yield  27.6  g  of  a  brown-amber  liquid  which  was  distilled 
to  yield  14.0  g  of  2-(3,5-dUiydroxyphenyl)-3-methyloctane,  bp  154 °C/ 
0.23  mm.  The  yield  of  cleaved  product  was  90^  (98.5  area-jf  pure  by 
VPC),  with  a  conversion  of  78^.  Its  VPC  is  shown  In  Figure  3.  It  was 
determined  on  an  Aerograph  Model  A-350,  6-ft,  15$^  Aplezon  L  on  35-80 
mesh  ChromoBorb  W,  275 "C,  85  ««  He/mln.  The  VPC  is  compared  with  that 
of  a  sample  from  the  Chemical  Center,  PL5386,  which  we  had  had  for 
several  months  (and  which  might  have  become  somewhat  degraded),  in 
Table  7.  The  two  VPC's  being  compared  In  Table  7  were  run  on  the  same 
instrument  under  the  game  conditions,  and  in  succession. 
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Table  7 


VPC'S  OF  2-^,5-DIHYDROXYrHENyL)-5-METHY]:.OCTANE 


Sample  MRC28883 

Sample  PL5386 

Retention 

Retention 

time.  min. 

Area-j^ 

time,  min. 

Area-^ 

5.0 

1.3 

H 

1.5 

3.5 

15.8  - 

4.3 

98.5 

4.3 

70.0  product 

5.2 

5.5 

5.8 

7.3 

The  Infrared  spectrum  of  MRC28883, 

Figure  4,  is  the  same 

as  that  of 

the  4.3  minute  component  of  PL5386  after  its  separation  by  VPC. 
Anal'.  Calculated:  C,  76.2;  H,  10.2;  found:  C,  76.3;  H,  10.2. 
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a.  From  ;‘5.3-Dlmethoxybenz:onltrllo  The  procedure  of  Baker  and 
Smlth^^^)  was  followed.  Into  a  2-lltcr  flask  blanketed  with  nitrogen 
was  placed  100  g  (0.615  mole)  of  5, 5-dlmethoxybenzonitrlle  (obtained 
from  the  Army  Chemical  Center)  and  650  ml  of  anhydrous  ether.  To  this 
stirred,  heterogeneous  solution  was  added  rapidly  222  ml  of  a  3  M  solu¬ 
tion  of  methylmagneslum  bromide  In  ether  (Arapahoe  Chemicals,  Inc., 
Boulder,  Colorado).  The  temperature  was  maintained  at  30°C  during  the 
addition  and  the  reaction  mixture  was  allowed  to  stand  I6  hours  at 
room  temperature.  After  heating  under  reflux  for  4  hours,  the  mixture 
was  decomposed  by  pouring  it  onto  2  kg  of  Ice  and  50  ml  of  concentrated 
sulfuric  acid  and  stirring  for  2  hours.  The  ether  was  separated,  washed 
with  bicarbonate  solution  and  removed,  leaving  a  dark  brown  residue. 

The  residue  was  distilled  under  nitrogen,  bp  10? -109 “C/0.45  mm, 
reported^  57)  151-152'’C/10  mm.  The  yield  of  3>5-dlmethoxyaceto- 
phenone  was  71  g  (64$^). 


b.  From  3» 5-Dimethoxybenzoyl  Chloride  The  procedure  of  Cason 
and  Prout^^®^  was  followed.  Into  a  500-ml  flask  blanketed  with  nitro¬ 
gen  was  placed  175  ml  of  a  3  M  solution  of  met hylmagne slum  bromide 
(0.53 -mple)  in  ether  (Arapahoe  Chemicals,  Inc.,  Boulder,  Colorado)  and 
an  additional  100  ml  of  anhydrous  ether.  The  Orlgnard,  solution  was 
cooled  In  an  Ice  bath  and  54  g  (0.3  mole)  of  anhydrous  cadmium  chloride 
was  added  in  portions  so  as  to  minimize  foaming.  The  ice  bath  was  re¬ 
moved  and  the  heterogeneous  solution  was  stirred  for  15  minutes.  The 
ether  was  then  distilled  rapidly  by  heating  In  an  oil  bath  with  stirring 
until  a  dark  seinl-Bolid  residue  remfelned.  After  addition  of  150  ml 


of  dry  thlopliene-f roe  benzene ,  the  distillation  was  resumed  until 
most  of  the  benzene  had  been  removed.  After  100  ml  of  benzene  had 
been  added  to  the  residue,  the  mixture  was  stirred  and  heated  under 
reflux  until  the  cake  had  been  broken  up  and  dispersed  through  the 
mixture.  A  solution  of  52  g  (0.26  mole)  of  dimethoxybenzoyl  chloride 
in  100  ml  of  benzene  was  added  during  a  15-minute  period.  After 
the  exothermic  reaction  had  subsided,  the  mixture  was  heated  under 
reflux  for  one  hour  with  stirring. 

The  organometalllc  complex  was  decomposed  with  a  mixture  of 
1000  g  of  ice  and  50  ml  of  concentrated  sulfuric  acid.  The  water 
was  separated  and  extracted  twice  with  benzene.  The  combined  ben¬ 
zene  layers  were  washed  with  5%  sodium  hydroxide  solution.  The 
benzene  was  then  removed  under  reduced  pressure  and  the  red  oil  that 
remained  was  distilled  under  nitrogen,  bp  l67-172“C/21  mm.  Thirty  g 
(64^6)  of  5,5-dlmethoxyacetophenone  was  obtained  as  a  colorless, 
mobile  liquid. 

c .  From  5. 5-Dlmethoxybenzoic  Acid  and  Methylllthium  The  pro¬ 
cedure  was  adapted  from  the  work  of  Tegner(86),  a  solution  of  methyl- 
lithium  was  prepared  by  the  addition  of  212.9  g  (1-5  mole)  of  lodo- 
methane  in  125  ml  of  dry  diethyl  ether  to  20,8  g  (3.0  mole)  of  lithium 
ribbon  that  had  been  cut  into  small  pieces  suspended  in  5000  ml  of  dry 
diethyl  ether  under  nitrogen.  A  25-ml  portion  was  added  to  initiate 
the  reaction  and  the  remaining  lodomethane  solution  was  added  at  such 
a  rate  as  to  maintain  reflux.  When  addition  was  completed,  the  mixture 
was  refluxed  for  three  hours  and  was  then  allowed  to  stand  overnight. 
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To  tMs  solution  there  was  then  added  149.5  g  (0.825  mole)  of 

3,5-dlmethoxybenzolc  acid.  The  acid  was  added  In  portions  as  a 
solid  at  a  rate  that  maintained  reflux.  The  mixture  was  heated  at 
reflux  for  one  hour  and  was  then  hydrolyzed  by  pouring  onto  4  liters 
of  crushed  Ice  In  one  liter  of  water.  After  stirring  for  one  hour, 
the  ether  layer  was  separated.  The  aqueous  layer  was  extracted  with 
several  portions  of  ether  and  the  ethereal  solutions  were  combined 
and  dried  over  anhydrous  magnesium  sulfate. 

The  aqueous  layer  was  neutralized  with  concentrated  hydrochloric 
acid  to  yield,  after  filtration  and  drying  ^  vacuo,  45.8  g  (0.25 
mole)  of  unreacted  5>5-dlmcthoxybenzolc  acid. 

The  ether  solution  was  filtered  and  the  solvent  removed  under 
reduced  pressure.  Distillation  gave  three  fractions,  (l)  bp  8l-85®C/ 
0.5  mm,  (2)  bp  85-98‘’C/0.5  mm,  and  (5)  bp  99-100“C/0.5  mm.  Fraction 
(l)  was  identified  by  its  infrared  spectrum  and  elemental  analysis  as 

5,5-dlmethoxy-<j(,-methylstyrene.  (Calculated  for  CiiHi402S  C,  74.2; 

H,  7.9.  Found:  C,  74.5;  H,  7*8.)  VPC  indicated  fraction  (2)  to 
be  a  mixture  of  57^  5,5-dlmethoxy-  -methylstyrene  and  655t  5*5- 
dimethoxyacetophenone.  Fraction  (5)  was  found  to  be  99-85^  desired 
product.  The  yield  of  5>5-<31methoxyacetophenone  was  555^  and  of  the 
by-product  5»5-dlJ(rethoxy-K-methylBtyrene  was  125^. 

21.  5. 5-Dimethoxyanillne 

5,5-Dlmethoxyanlline  has  been  worked  up  and  isolated  in  two 
different  ways;  crystallization  and  vacuum  distillation.  The  latter 
Is  the  more  efficient  method  of  isolation,  resulting  in  a  better  yield. 
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a.  Isolated  by  Crystallization  The  procedure  Is  an  example 
of  the  benzyne  reactlon^^^) . 

Sodamlde  was  prepared  according  to  the  directions  of  Vaughn,  Vogt 
and  Nieuwland(90)  from  48.3  g  (^.10  g-atoras)  of  sodium  and  I.3  g  of 
hydrated  ferric  nitrate  in  2  liters  of  liquid  ammonia.  Then  177.8  g 
(1.03  moles)  of  l-chloro-2, 4-dimethoxyben2ene  was  added  over  a  period 
of  about  30  minutes.  The  mixture  was  allowed  to  stir  at  reflux  for 
40  minutes.  Excess  sodamlde  was  then  destroyed  by  the  addition  of 
119.5  g  (2.23  moles)  of  solid  ammonium  chloride.  This  latter  ad¬ 
dition  was  exothermic  and,  as  a  result,  required  1.25  hours  to 
complete.  Tlie  ammonia  was  then  allowed  to  evaporate.  The  residual 
solid  was  extracted  with  2  liters  of  ether.  The  amine  was  precipi¬ 
tated  from  the  ether  solution  as  its  hydrochloride,  which  was  subse¬ 
quently  treated  in  water  with  ammonium  hydroxide.  The  viscous, 
brown  oil  (95  g)  that  resulted  solidified  after  a  brief  period)  it 
was  re crystal 11 zed  from  ethanol  to  give  75  g  of  brownish-pink  needles, 
mp  53-55*0.  Vapor  phase  chromatography  indicated  the  presence  of 
a  minor  contaminant.  This  contaminant  may  be  removed  by  subsequent 
recrystalllzatlon  from  ethanol.  Pure .3*5-dlmethoxyanlllne  melts  at 

56.5- 58*0.  The  desired  amine  present,  indicated  by  VPC,  after  the 
one  recrystalllzatlon  was  about  71.I  g  for  a  minimum  yield  of  45JS. 

The  infrared  spectrum  of  product  was  consistent  with  a.dlmethoxy- 

r 

aniline.  Its  structure  was  confirmed  by  its  acetanilide,  mp 

155. 5- 157*0)  literature  value  for  3j5-dlmethoxyacetanlllde; 

•l5.j.oc(6?,82)^ 


Anal.  Calcd.  for  C^HnOaN:  C,  62.7;  H.  7.2;  N,  9.1.  Pound: 

C,  62.7;  H,  7.2;  N,  9.1. 

The  minor  contaminant,  described  above,  was  isolated  in  milli¬ 
gram  quantities  from  the  mother  liquor.  It  was  recrystalllzed  from 
ethanol  giving  tiny,  white,  felted  needles,  mp  l4o-4l°C.  Its  infra¬ 
red  spectrum  was  consistent  with  the  proposed  structure: 


b.  Isolated  by  Vacuum  Distillation  Sodamide  was  prepared  from 
56.4  g  (2.45  g-atoms)  of  sodium  and  1.5  E  of  hydrated  ferric  nitrate 
in  2.7  liters  of  liquid  ammonia.  Then  2Cr7  g  (1.2  moles)  of  l-chloro- 
2,4-dimethoxyben2ene  was  added  dropwise  over  1.5  hour  period.  The 
mixture  was  allowed  to  stir  at  reflux  for  25  minutes.  Excess  sodamide 
was  then  destroyed  by  the  portlonwise  addition  of  139.5  g  (2.6l  moles) 
of  solid  ammonium  chloride.  The  ammonia  was  then  allowed  to  evaporate. 
The  residual  solid  was  stirred  with  15OO  ml  of  ether  for  1  hour.  The 
ethereal  slurry  was  filtered,  and  the  collected  solid  was  washed 
with  an  additional  500  ml  of  ether.  The  ether  extracts  were  com- 
!  blned  and  washed  with  5OO  ml  of  water,  then  dried  over  magnesium 

I  sulfate.  The  ether  was  removed  under  reduced  pressure  leaving  an 

amber,  viscous  residue  which  weighed  I83.5  g.  This  residue  was 
I  distilled,  and  3,5-dlmethoxyanlllne  (119 -9  g  for  a  655^  yield)  was 

collected  at  112®C/0.67  mm,  mp  (uncorr)  54.5  -  reported  bp 

I  'll5"C/0.5  mm(^2)^  njp  ij50p(78,82)  ^ 

■ 

I 

I 


22 ,  3. 5-Dlmethoxybenzolc  Acid 

The  procedure  of  Mauthner^ was  followed.  To  a  cold  solution 
of  200  g  (5  tiioles)  of  sodium  hydroxide  in  1250  ml  of  water  in  a 
5-liter  flask  blanketed  with  nitrogen  was  added  154  g  (l  mole)  of 
3,5-dlhydroxybenzolc  acid.  The  flask  was  closed  immediately  and 
the  mixture  was  stirred  until  all  of  the  acid  had  dissolved.  Then 
220  g  (1.75  moles)  of  dimethyl  sulfate  was  added  and  the  solution 
stirred  for  20  minutes,  being  cooled  with  cold  water  to  maintain 
the  temperature  below  50  to  35°C.  A  second  portion  of  220  g  of 
dimethyl  sulfate  was  then  added  and  during  the  next  ten  minutes 
the  temperature  was  not  allowed  to  rise  above  40  to  45'’C.  The  con¬ 
tents  of  the  flask  were  then  heated  under  reflux  for  two  hours.  In 
order  to  saponify  the  small  amount  of  ester  that  was  produced,  a 
solution  of  50  g  of  sodium  hydroxide  in  75  ml  of  water  was  added 
and  the  contents  were  heated  under  reflux  for  an  additional  two 
houra.  The  reaction  mixture  was  cooled  and  acldlfleti  with  dilute 
hydrochloric  acid.  The  precipitated  dlmethoxybenzolc  acid  was 
collected  by  filtration  and  washed  well  with  cold  water.  The  wet 
product  was  boiled  In  three  liters  of  water,  cooled,  filtered  and 
dried.  The  yield  (mp  179-82®Cj  reported^ 182®C)  was  160  g  (885^). 

23 .  3.5-Dlmethoxybenzoyl  Chloride  ^ 

The  procedure  of  Munch- Petersen^  59)  was  followed.  Into  a 
250-ml  flask  blanketed  with  nitrogen  was  placed  55  g  (0.3  mole)  of 
.3, 5 -dlmethoxybenzolc  acid  and  124  g  (I.05  moles)  of  thlonyl  chloride. 
The  mixture  was  stirred  and  heated  under  reflux  for  three  hours.  The 
thionyl  chloride  was  removed  under  reduced  pressure  leaving  a  brown 


residue  that  was  distilled  under  nitrogen  through  a  Clalsen  head 
yielding  52  g  of  a  colorless  liquid,  dlmethoxybenzoyl  chloride, 

bp  158‘’C/20  mm;  reported^^o)  i57®c/l6  mm. 

24 .  2-f 3.5-Dimethoxybcnzoyl)heptanc 

A  500-ml  round-bottomed  flask  equipped  with  a  stirrer,  therm¬ 
ometer,  condenser  with  drying  tube,  dropping  funnel,  and  nitrogen 
inlet,  was  flamed  out  under  nitrogen  and  charged  with  7*5  g  (0*5 
g-atom)  of  magnesium  turnings.  A  solution  of  43.2  g  (0.25  mole)  of 
l-chloro-3)5-dlmethoxybenzene  in  54.1  g  (0.75  mole)  of  freshly 
distilled  tetrahydrofuran  was  prepared  and  about  15  ml  added  to 
the  magnesium.  Ethyl  bromide,  1  g,  was  then  added  and  a  vigorous 
reaction  started.  Heating  was  initiated  and  the  remainder  of  the 
tetrahydrofuran  solution  added  in  30  minutes.  The  mixture  was 
heated  to  reflux  (78-86“C)  and  maintained  there  for  three  hours. 

After  cooling  the  Grignard  reagent  to  room  temperature,  a 
solution  of  34  g  (0.27  mole)  of  2-methylheptanonltrlle  in  30  ml 
of  dry  tetrahydrofuran  was  added  dropwlse  in  27  minutes.  The 
addition  was  started  at  27 “C  and  the  temperature  had  risen  to  40®C 

by  the  end  of  the  addition.  The  mixture  was  then  heated  to  60®C 
for  six  hours  and  allowed  to  stand  over  the  weekend. 

To  the  reaction  mixture  was  added  l60  g  of  a  40^  sulfuric 
acid  solution.  The  reaction  was  quite  vigorous  and  an  ice  bath 
was  en5)loyed  to  keep  the  tenperature  below  40“C.  After  stirring 
.for  15  minutes,  the  solvent  was  removed  by  distillation  at  ambient 
pressure.  Then  40  g  of  a  ^0%  sulfuric  acid  solution  was  added  and 


I  lie  mixture  heated  for  one  hour  at  9!?-100°C.  After  cooling  a 
!50-nil  portion  of  ether  was  added  and  the  resulting  two  layers  were 
separated.  The  aqueous  layer  was  extracted  with  three  75 -ml  por¬ 
tions  of  ether.  The  ethereal  solutions  were  combined,  washed  with 
three  100-ml  portions  of  water,  and  dried  over  anhydrous  magnesium 
sulfate. 

After  filtration  and  removal  of  the  solvent,  68.4  g  of  dark, 


oily  residue  was 

obtained.  Distillation  gave: 

Fraction  No. 

bp. "C/mn 

Weight  ..  c 

_20 

1 

up  to  90/0.25 

- 

1.4589 

2 

120-132/0.2 

1 

1.5288 

3 

135-138/0.2 

43 

1.5116 

4 

142-148/0.2-0.5 

1.5 

1.5224 

Fraction  3  represented  a  71/^  yield  of  product  of  94  area-JJ  purity 
by  VPC.  Rediatlllatlon  resulted  in  the  isolation  of  2-{3,5- 
diraethoxybenzoyl) heptane,  bp  134®C/0.2  mm,  n®°  1.5100,  in  greater 
than  96  area-5^  purity. 

25.  3.5-Dlmethoxy-l3_,N-dlbutylanlllne 

(See  under  use  of  lithium  alkyl  amides  for  the  resorcylatlon  re 
action,  section  IV. A. 45. e.) 

26 .  3»  S-Dlmethoxyphenyimagneslurn  Chloride 
a.  Unsuccessful  Attempts 

(1)  Solventless  at  Elevated  Temperature  A  50-ml  three¬ 
necked  flask  was  fitted  with  thermometer,  air  condenser  topped  with 
drying  tube,  dry  nitrogen  inlet,  and  magnetic  stirrer.  Magnesium 
turnings  (1,8  g,  0.075  g-atora)  were  placed  into  the  flask  together 
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with  a  small  crystal  of  Iodine.  The  entire  reaction  system  was  then 
flamed  out  and  allowed  to  cool  under  a  stream  of  dry  nitrogen.  When 
the  system  had  cooled,  l-chloro-5,5-dlmethoxybenzene  (8.6  g,  0.05 
mole)  was  rapidly  added.  The  mixture  was  then  stirred  and  heated  at 
150- 160®  for  4.5  hours.  The  mixture  developed  a  slight  gray  color 
(probably  due  to  the  presence  of  finely  divided  magnesium) .  A  small 
aliquot  gave  a  negative  Mlchler's  ketone  teBt(^>0).  The  temperature  of 
the  mixture  was  increased  to  190-200®C  for  an  additional  I5  hours. 

No  Grlgnard  reagent  formed,  and  starting  halide  was  recovered. 

(2)  With  Zinc  Sulfate  Actlvator^^^) .  sulfate 

heptahydrate  was  dehydrated  by  heating  In  a  sand  bath  under  dry  nitro¬ 
gen  until  the  bath  temperature  reached  280®.  Most  of  the  water  of 
hydration  was  evolved  at  about  170®. 

A  dry,  500  ml,  three-necked  flask  was  equipped  with  mechanical 
stirrer,  water-cooled  condenser,  dry  nitrogen  Inlet  and  long-stemmed 
thermometer.  Magnesium  turnings  (3.6  g,  0.I5  g-atom),  anhydrous 
zinc  sulfate  (33  mg)  and  l-chloro-3,5-dlmethoxybenzene  (17.2  g, 

0.10  mole)  were  placed  Into  the  flask  and  heated  and  stirred,  under 
a  slow  stream  of  dry  nitrogen  at  155-45®C  for  about  0.75  hour.  At 
this  stage  a  dark  color  developed,  probably  due  to  finely  divided 
magnesium.  The  mixture  was  heated  over  the  same  temperature  range 
for  an  additional  1.25  hours.  Freshly-distilled  xylene  (80  ml) 
and  an  additional  33  mg  of  anhydrous  zinc  sulfate  were  added.  The 
vigorously -stirred,  gray-black  mixture  was  heated  to  reflux,  l43"C, 
.for  20  hours.  A  negative  Mlchler’s  ketone  test  indicated  the 
absence  of  Qrignard  reagent. 


(3)  With  Gllitian- Kirby  Act3.vator(  ’^l)  A  dry,  300  ml, 
three-necked  flask  was  equipped  with  dry  nitrogen  Inlet,  stirrer, 
Clalsen  head  topped  with  a  pressure-equalizing  dropping  funnel, 
condenser  set  for  distillation,  and  bent  receiving  adapter  equipped 
with  drying  tube  and  receiver.  All  apparatus  had  been  previously 
oven-dried.  Magnesium  turnings  (5  e),  iodine  (2.5  g),  and  100  ml 
of  dry  benzene  were  combined  in  the  flask  and  stirred  vigorously. 

A  stream  of  dry  nitrogen  was  circulated  above  the  mixture  through¬ 
out  the  preparation.  The  mixture  was  deep  purple.  Dropwise 
addition  of  5  ml  of  anhydrous  ether  was  carried  out  over  a  20-mlnute 
period.  The  mixture  changed  from  purple  to  brown  to  colorless  during 
the  course  of  the  addition.  Solvent  was  then  removed  by  distillation 
using  an  oil  bath.  When  all  of  the  solvent  had  been  removed,  the 
temperature  of  the  oil  bath  was  increased  to  between  150“C  and  l60“C. 
The  solid  residue  was  heated  over  this  temperature  range  for  10 
minutes.  The  dull  gray  residue  was  then  ready  for  use. 

A  50  ml,  three-necked  flask  was  equipped  with  thermometer,  air¬ 
cooled  condenser  topped  with  a  drying  tube,  dry  nitrogen  Inlet,  and 
magnetic  stirrer.  Magnesium  turnings  (l,2  g,  0.05  g-atom)  and  the 
activator  prepared  as  above  (259  mg)  were  added  to  the  flask.  The 
entire  reaction  system  was  then  flamed  out  and  allowed  to  cool  under 
a  stream  of  dry  nitrogen.  When  the  system* had  cooled,  still  under 
a  slow  stream  of  dry  nitrogen,  i-chloro-3,5-dlmethoxybenzene 
(0.6  g,  0.05  mole)  was  rapidly  added.  The  vigorously-stirred  mixture 
was  heated  at  232'’C  for  28  hours.  Initially  the  mixture  turned  milky 
and  finally  turned  dark  brown.  Most  or  all  of  the  magnesium  turnings 
had  remained  intact.  An  aliquot  gave  a  negative  Michler's  ketone 


test.  Starting  halide  was  recovered. 


(4)  With  Magnesium  Powder  A  50  ml,  three-necked  flask 
was  equipped  with  thermometer,  air  condenser  topped  with  a  drying  tube, 
dry  nitrogen  Inlet,  and  magnetic  stirrer.  Magnesium  powder  (Matheson 
Coleman  and  Bell)  (1.2  g,  0.05  g-atom)  was  placed  In  the  flask,  and 
the  entire  reaction  system  was  flamed  out  and  allowed  to  cool  under  a 
stream  of  dry  nitrogen.  When  the  system  had  cooled,  still  under  a  ^ 
slow  stream  of  dry  nitrogen,  l-chloro-5, 5-dlmethoxybenzene  (8.6  g, 

0.05  mole)  was  rapidly  added.  The  mixture  was  vigorously  stirred  and 
heated  to  reflux,  2^2"C,  for  27.5  hours.  An  aliquot  gave  a  negative 
Mlchler's  ketone  test. 

(5)  Entrainment  Method  Using  Ethylene  Bromlde(^^)  A  500 
ml,  four-necked  flask  was  equipped  with  a  125  ml  pressure-equalizing 
dropping  funnel,  dry  nitrogen  Inlet,  stirrer,  condenser  topped  with 
drying  tube,  and  long-stemmed  thermometer.  Magnesium  turnings 
(2.84  g,  0.116  g-atom)  were  placed  In  the  flask,  the  entire  system 
was  flamed  out  and  allowed  to  cool  under  a  stream  of  dry  nitrogen. 
l-Chloro-3,5-dlmethox.ybenzene  (8.G  g,  0.05  mole)  dissolved  In  50 
ml  of  anhydrous  ether  was  then  added.  The  resultant  mixture  was 
stirred  and  heated  to  gentle  reflux,  under  a  slow  stream  of  dry 
nitrogen.  Ethylene  bromide  (9.3  g,  O.05  mole)  dissolved  In  50  ml 
of  anhydrous  ether  was  then^ added  dropwise.  An  attempt  was  made 
to  keep  the  rate  of  addition  at  about  1  drop/15  seconds  as 
recommended  by  Pearson^^^^,but  It  was  not  possible  to  fabricate  a 
Hershberg  dropping  funnel  to  give  a  slow  enough  dropping  rate.  As 
a  result,  the  rate  of  addition  varied  greatly,  but,  in  general,  was 
Blower  than  the  recommended  rate.  The  addition  was  Intermjpted 
after  about  7  hours,  and  the  reaction  mlxturp,  now  dark  black,  was 


1 IJ 


allowed  to  stand  overnight  under  dry  nitrogen.  The  addition  was 
continued  and  required  an  additional  5  hours  to  complete.  Most  of 
the  magnesium  turnings  still  seemed  intact.  A  Michler's  ketone 
test  on  a  small  aliquot  of  the  reaction  mixture  appeared  to  be 
negative.  However,  the  hydrolysis  stage  of  the  test  was  exothermic, 
and  a  white  precipitate  formed.  Magnesium  turnings,  1.6  g,  were 
recovered.  The  residual  reaction  mixture  was  hydrolyzed  with  cracked 
ice  and  dilute  hydrochloric  acid.  Ether  extraction,  followed  by 
distillation  yielded  only  starting  halide. 

(6)  Using  Ethylend  Bromide  and  Magnesium  Powder  A  dry  250 

three-necked  flask  was  equipped  with  dry  nitrogen  inlet,  stirrer, 
condenser  topped  with  dicing  tube,  and  a  small  pressure-equalizing 
dropping  funnel.  The  flask  was  charged  with  magnesium  powder 
(Matheson  Coleman  and  Bell,  20  mesh)  (1.5  g,  0.062  g-atom)  and 
a  small  crystal  of  iodine.  The  system  was  flamed  out  and  allowed 
to  cool  under  a  stream  of  dry  nitrogen.  The  dropping  funnel  was 
charged  with  l-ohloro-5, 5-dimethoxybenzene  (10.7  g,  0.062  mole) 
dissolved  in  freshly  distilled  tetrahydrofuran  (du  Pont  Co.;  has 
negligible  water  content)  (15«^  gj  0.186  mole).  About  5  ml  of 
this  solution,  together  with  a  few  drops  of  ethylene  bromide,  was 
added  to  the  magnesium  powder  and  stirring  was  begun.  There  was 
no  sign  of  reaction  Initiation.  The  remaining  halide  solution 
was  added  dropwlse  over  a  period  of  15  minutes.  Heating  was 
commenced  midway  during  the  halide-THP  addition;  the  temperature  of 
the  mixture  had  reached  50 “C  by  the  end  of  this  addition.  The  mix¬ 
ture  was  heated  at  reflux  (68®C)  for  two  hours.  A  negative  Michler's 
ketone  test,  together  with  recovery  of  1.5  g  of  magnesium  indicated 
that  none  of  the  desired  5)5"dimethoxyphenylmagnesium  chloride  had 
formed. 


(Y)  Using  TebrahydPofuran  and  Jj-Mothylmorphollne  as  a 
Mixed  Solvent  System  A  dry  250-ml  three-necked  flask  was  equipped 
with  a  thermometer,  condenser  topped  with  a  drying  tube,  pressure- 
equalizing  dropping  funnel,  and  dry  nitrogen  inlet.  Magnesium 
shavings  (Matheson  Coleman  and  Bell)  (5  g,  0,125  g-atom)  and  a  small 
crystal  of  iodine  were  placed  into  the  flask,  and  the  entire  system 

was  flamed  out  and  allowed  to  cool  under  a  stream  of  dry  nitrogen. 

The  dropping  funnel  was  charged  with  l-chloro-5, 5-dlmethoxybenzene  (21.4 
0.124  mole)  dissolved  in  a  mixed  solvent  system  composed  of  tetra- 
hydrofuran  (24.1  g,  0.53*^  mole)  and  N-methylmorphollne  (2.7  g, 

0.027  mole).  Both  of  these  solvents  had  been  freshly  distilled 
prior  to  use.  About  5  ml  of  this  solution,  followed  by  0.5  ml 

of  ethyl  bromide,  was  run  in  with  the  magnesium,  but  no  Initiation 

was  observed,  A  second  0.5-ml  portion  of  ethyl  bromide  was 
added,  also  with  no  effect.  Dropwlse  addition  of  the  remaining 
halide  solution  was  begun.  The  addition  required  30  minutes. 

The  solution  was  refluxed  for  an  additional  4.5  hours,  but  there  was 
no  evidence  of  Orlgnard  formation,  the  magnesium  appearing  unaffected. 
A  Michler’s  ketone  test  was  negative.  Further  heating  at  reflux 
the  following  day  also  resulted  in  a  negative  Mlchler's  ketone 
test. 


b.  Successful  Method;  The  Reactive  Solvent  Method  with 
Tetrahydrofuran^^l)  a  500-ml,  three-necked  flask  was  equipped  with 
thermometer,  Friedrich's  condenser  topped  with  a  drying  tube,  stirrer, 
■125-ml  pressure-equalizing  dropping  funnel,  and  dry  nitrogen  inlet. 


Magnesium  shavings  (Matheson  Coleman  and  Bell)  (6.0  g,  0.248  g-atom), 
and  a  small  crystal  of  iodine  were  placed  Into  the  flask,  and  the 
entire  system  was  flamed  out  and  allowed  to  cool  under  a  stream  of 
dry  nitrogen.  The  dropping  funnel  was  charged  with  l-chloro-5,5- 
dimethoxyhenzene  (42.8  g,  0.248  mole)  dissolved  in  freshly-distilled 
tetrahydrofuran  (supplied  by  the  du  Pont  Company  and  having  a 
negligible  water  content)  (53»6  g,  0.744  mole).  About  10  ml  of  this 
solution  was  run  in  with  the  magnesiuiti.  A  few  drops  of  ethyl  bromide 
were  added  to  initiate  reaction.  Stirring  was  begun,  the  iodine 
color  discharged,  and  a  very  exothermic  reaction  set  in.  Dropwlse 
addition  of  the  remaining  tetrahydrofuran-halide  solution  was  started. 
The  addition  required  about  1  hour,  the  temperature  of  the  mixture 
finally  reaching  75®C.  The  mixture,  a  dark  yellow  liquid  together 
with  a  lot  of  as  yet  unreacted  magnesium,  was  heated  to  vigorous 
reflux  (79— 85.5"C)  for  an  additional  two  hours.  When  the  tempera¬ 
ture  of  the  mixture  reached  85.5‘’C,  reflux  from  the  condenser  ceased. 
The  reaction  mixture  now  appared  arj  a  dark,  brown-amber  syrupj  only 
a  small  amount  of  magnesium  remained  unreacted  (about  0.5  g)  •  A 
positive  Michler's  ketone  tost  was  obtained. 

The  yield  was  determined  by  titration.  The  reaction  mixture 
was  transferred  to  a  250-'mi  volumetric  flask  (the  Qrlgnard  reagent 
hydrolyzes  only  slowly  in  air),  and  was  diluted  to  the  mark  with 
tetrahydrofuran.  Twenty -ml  aliquots  were  pipetted  into  50  ml  of 
0.5  N  hydrochloric  acid  and  50  ml  of  water,  heated  in  a  hot  water 
bath  at  80-85‘’C  for  50  minutes,  and  back-titrated  with  0.4  N  NaOH 
with  phenolphthalein  as  Indicator.  The  yield  of  Grlgnard  reagent, 
thus  determined,  was  79^. 
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Proof  that  the  desired  Qrlgnard  reagent  had  actually  been  formed 
was  obtained  by  hydrolysis  of  the  remaining  bulk  of  the  Grlgnard 
solution.  It  was  poured  onto  500  g  of  cracked  Ice  with  vigorous 
stirring,  and  then  was  acidified  by  the  addition  of  55  ml  of  6  N 
hydrochloric  acid.  The  hydrolysate  was  extracted  with  two  150  ml 
portions  of  ether.  The  combined  ether  extracts  were  washed  with 
water  and  dried  over  anhydrous  sodium  sulfate.  The  ether  was  re¬ 
moved  under  reduced  pressure.  The  amber,  oily  residue  was  then 
distilled  under  reduced  pressure,  bp  77-78°CA.6  mm,  n®®  1.5254 
(lit.  for  m-dlmethoxybenzene:  bp  2l4-215“C/750.4  mm). 

An  authentic  specimen  of  m-dlmethoxybenzene  (Eastman  No.  3l4) 
was  obtained  n®°  1.5249.  Its  infrared  spectrum  was  identical  to  that  of 
the  pivduct  obtained  from  the  above  hydrolysis  procedure. 

27 .  2- ( 5, 5-Dimethoxyphenyl ) - 3-methyloctane 

8 •  Unsuccessful  Attempt  by  Direct  Hydrogenolysis  of  2-(3.5-Di 
inethoxylphenyl)-3-methyloctanol-2  The  carblnol  used  for  these  attempts 
was  prepared  from  2-(3,5-dimethoxybenzoyl)heptane  and  methylmagnesium 
bromide. 

(a)  2-(3,5-Dlmethoxyphenyl)-3-methyloctanol-2  (lO  g)  was  mixed 
with  5  ml  of  hexane  and  1  g  of  Qirdler  0-49A  nlckel-on-kleselguhr 
catalyst.  This  ndxture  was  transferred  to  a  43-ml  bomb,  which  was 
then  inserted  into  a  rocking  autoclave .  The  mixture  was  heated 
to  100®C  under  1500  pslg  hydrogen  pressure  for  3.5  hours.  The 
mixture  was  removed  from  the  bomb,  catalyst  and  solvent  were  removed, 
and  the  residue  was  submitted  for  infrared  spectrum.  The  spectrum 
was  identical  to  that  of  starting  carblnol. 


(b)  The  process  described  in  "a",  above,  was  repeated.  This 
time  the  temperature  waa  maintained  at  175"C  under  2600  psig 
hydrogen  pressure  for  11  hours.  There  was  no  change  in  the  infra¬ 
red  spectinim. 

(c)  The  process  was  repeated  at  250°C  under  2500  pslg  hydrogen 
pressure  for  2.5  hours,  again  with  negative  results. 

(d)  The  process  was  repeated  at  250®C  under  2500  pslg  hydrogen 
pressure  for  10  hours,  also  with  negative  results. 

(e)  An  attempt  utilizing  Qirdler  G-IJ  copper  chromite  catalyst  (l  g) 

I 

was  also  unsuccessful.  This  time  the  mixture  was  heated  to  250 ®C 
under  2500  pslg  hydrogen  pressure  for  4  hours. 

(f)  Finally,  an  attempt  at  low  pressure  hydrogenolysis  was  made. 

The  carblnol  {l4  g,  0.05  mole)  was  dissolved  in  50  ml  of  hexane. 

Adams'  catalyst  (platinum  oxide,  0.05  g)  was  added,  and  hydro¬ 
genolysis  was  attempted  at  room  temperature  with  50  pslg  hydrogen 
pressure,  in  a  Parr  shaker.  This  attempt  was  also  unsuccessful. 

b.  Successful  Reduction  of  Mixed  2-f 3. 5-DimethQxyphenyl)-3- 
methyloctenes  A  one- liter  autoclave  was  charged  with  25  gof2- 
{5,5-dimethoxyphenyl)-5-methyloctene8-l  and  -2  and  2.5  g  of  65^  nlckel- 
o^-i^igselguhr  (Glrdler  G-49A)  in  100  ml  nf  dry  hexane  together  with  1750 
p^lg  of  hydrogen.  The  temperature  was  gradually  increased  to  125“C. 
After  three  hours  the  pressure  was  increased  to  2850  psig  of  hydro¬ 
gen  and  maintained  there  for  another  2.5  hours.  After  filtration  and 
removal  of  the  solvent,  the  residue,  24.8  g,  was  submitted  for  infrared 
and  ultraviolet  spectroscopy  and  VPC  and  was  Identified  as  2-(5>5-di- 
methoxyphenyl)-5-methyloctane,  >  max  272  and  278  m|i  and  /min  24?  mp, 
in  94.1  area-%  purity. 


28.  g-(3.3-Dlmethoxyphenyl)-3-nicthyloctanol-2 

a .  From  3-Methyloctanonc-2  and  3, 5-Dlniethoxyphenyltnap:ne3luni 
Chloride  A  500-ml  flask  equipped  with  a  etlrrer,  thermometer,  condenser 

with  drying  tube,  dropping  funnel, and  nitrogen  Inlet  tube  was 
charged  with  9.7  g  (0.3.3  g-atom  plus  20$^  excess)  of  magnesium 
turnings  and  flamed  out  under  nitrogen.  A  solution  of  57-3  S 
{0.3'''  mole)  of  l-chloro-3,5-dJmethoxybenzene  In  72.1  g  (l.O  mole) 
of  f resbly-dlstlllcd  tetrahydrofuran  was  prepared,  and  about  10  ml 
was  added  to  the  magnesium.  When  1 .0  g  of  bromoothane  was  added 
as  Initiator,  a  vigorous  reaction  occurred,  and  the  remainder  of 
the  tetrahydrofuran  .solu.ion  of  l-chloro- 5,5-dlmethoxybenzene  was 
added  dropwlse  in  20  minutes.  The  mixture  was  then  heated  at 
reflux  (pot  temperature  79-85“C)  for  3.5  hours.  At  the  end  of  this 
time  only  a  small  amount  of  magnesium  remained. 

After  cooling  to  room  temperature,  a  solution  of  47.4  g  (0.33 
mole)  of  3-niethyloctanone-2  In  30  ml  of  tetrahydrofuran  was  added 
dropwlse  in  22  minutes  while  maintaining  the  temperature  at  10“  to 
20“C.  The  reaction  mixture  was  heated  at  60“C  for  2.0  hours.  The 
reaction  mixture  was  then  hydrolyzed  by  the  addition  of  a  solution 
of  17.8  g  (0.33  mole)  of  ammonium  chloride  in  54  ml  of  water  over  a 
period  of  ten  minutes  while  keeping  the  temperature_below  10“C. 

When  the  addition  was  complete,  the  mixture  was  stirred  for  30 
minutes  and  the  precipitate  allowed  to  settle  out.  Tlie  organic 
layer  was  separated  by  decantation  and  the  residue  was  extracted 
with  two  135-ml  portions  of  diethyl  ether.  The  solutions  were  com- 
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billed  and  dried  over  anhydrous  maEnesium  sulfate.  After  filtration 
and  removal  of  the  solvent,  91.6  g  of  red-orange  residue,  assumed 
to  be  the  desired  2- (5,5-dlmethoxyphenyl)-5-methyloctanol-2,  was 
obtained.  A  1.5  g  sample  was  retained  for  study  by  VPC  and  the 
remainder  was  dehydrated  as  outlined  below. 

When  the  reaction  was  carried  out  on  a  larger  scale,  the  aldpl 
side-reaction  was  discovered.  Details  of  the  work-up  and  a  dlBcusslon 
of  the  products  appear  above  in  section  II.A.J.b. 

Reactions  where  the  tetrahydrofuran  was  displaced  with  dibutyl 
ether  or  diglyme  were  otherwise  carried  out  as  described  in  this 
section. 

b.  From  2-(3>5-Dlmethoxyhen7.oyl)heptane  and  Methylmagnesium 
Bromide  A  500  ml  flask  equipped  with  a  stirrer,  thermometer,  condenser 
with  drying  tube,  addition  funnel,  and  nitrogen  inlet  was  charged 
with  31  ml  of  a  3  M  solution  of  methylmagnesium  bromide  In  diethyl 
ether.  Then  a  solution  of  21.8  g  (0.082  mole)  of  2-(3,5-dlmethoxy- 
benzoyl) heptane  in  30  ml  of  dry  ether  was  added  dropwlse  in  I5 
minutes  while  maintaining  the  temperature  at  15-20®C.  After  heating 
at  reflux  for  one  hour,  the  mixture  was  hydrolyzed  by  pouring  it 
onto  a  solution  of  10  g  of  sulfuric  acid  in  100  ml  of  water  and 
200  cc  of  crushed  ice.  After  stirring  for  10  minutes  another  10  ml 
of  sulfuric  acid  was  added  and  the  mixture  stirred  for  an  additional 
half  hour.  The  two  layers  were  separated.  The  aqueous  layer  was 
extracted  with  two  100  mi  portions  of  ether.  The  ethereal  solutions 
•were  combined,  washed  and  dried  over  anhydrous  magnesium  sulfate. 

After  filtration  and  removal  of  the  solvent,  21.6  g  of  pale  yellow 
residue  remained.  VPC  indicated  this  material  to  be  greater  than 
95  area-%  product,  representing  a  9356  yield.  Distillation  gave 


2- (3,5-cllmotlioxyphenyl)-3-methyloctanol-2,  bp  ].!i4”C/0.23  mm, 

1.5100,  greater  than  9?  area-^  pure  by  VPC. 

29.  2-(?.5-Dlmethoxyphcnyl)-5-mcbhyloctencG 

a.  Dehydration  with  Oxalic  Acid  Crude  2-(5> 5-dlinethoxyphenyl)- 

3- methyloctanol-2,  90  6>  and  il5  g  of  anhydrous  oxalic  acid 
were  placed  in  a  flask  and  heated  at  IJO-l^O^C  for  1 .7  hours. 

After  cooling,  100  ml  of  benzene  was  added  and  the  liquid  was  then 
separated  by  decantation.  The  solid  was  washed  with  another  100  ml 
of  benzene.  It  was  then  dissclvod  In  250  ml  of  water  and  the  re¬ 
sulting  solution  extracted  with  two  100  ml  portions  of  benzene.  All 
the  benzene  solutions  were  combined,  washed  until  neutral,  and 
dried  over  anhydrous  magnesium  sulfate.  After  filtration  and 
removal  of  the  solvent,  distillation  gave  50.^  g  of  a  fraction, 

bp  113-153°C/0.5-  0.65  mm  (mostly  123-133'’C) .  The  yield  of  the 
els  and  trans  isomers  of  2-(3,5-dimethoxyphenyl)-3-methyloctene-2 
was  65/^  based  on  VPC.  Redistillation  resulted  in  the  isolation  of 
the  desired  product,  bp  ll4-119°C/0.25  mm  in  greater  than  95  area-5^ 
purity. 

b.  Dehydration  with  Iodine  Crude  2-(3, 5“dlmethoxyphenyl)- 
5-methyloctanol-2,  40.7  g,  and  1.5  g  (O.OO6  mole)  of  iodine  were 
placed  in  a  flask  and  heated  at  99-103'’  for  40  minutes.  At  this  point 
water  could  be  observed  condensing  around  the  top  of  the  flask.  The 
mixture  was  cooled  and  transferred  to  a  separatory  funnel  and.  50  ml  of 
benzene  added.  The  mixture  was  then  washed  with  two  25-ml  portions  of 
a  65^  aqueous  sodium  thiosulfate  solution  followed  by  two  50-ml  portions 
of  water.  The  benzene  solution  was  then  heated  with  activated  charcoal, 
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nitored  liot,  and  Lhe  solvent  removed.  Distillation  of  the  residue 
gave  7.^  E.  hp  up  to  88°C/0.3  mm;  2.6  g,  bp  94-115°C/0.3  mm;  19.8  g, 
bp  113.5-120'’C/0.25  mm;  and  6.4  g  of  residue.  Examination  by  VPC  indi¬ 
cated  that  the  first  fraction  contained  25  area-j^  of  l-chloro-3,5- 
dimethoxybenzene  and  2'j  area-^^  of  3-methyloctanone-2,  but  none  of  the 
desired  product.  The  second  fraction  contained  49  area-j^  of  1-chloro- 
3,5-dlinethoxybenzene  together  witli  26  area-^  of  the  els-  and  trans- 
isomers  of  the  desired  2-(3»5-dimethoxyphenyl)-3-methyloctene-2.  The 
third  fraction  contained  76  area-5^  of  the  els-  and  trans- Isomers  of  the 
desired  product.  VPC  also  showed  the  6.4  g  residue  to  contain  a  con¬ 
siderable  amount  of  product.  The  yield  based  on  these  VpC  results 
was  at  least  465^. 

The  Infrared  spentrum  of  the  third  fraction  compared  well  with  that 
of  an  authentic  sample  of  the  2-(3,5-dlmethoxyphenyl)-3-methyloctene-2 
supplied  by  the  Chemical  Corps.  The  ultraviolet  spectrum  6f  the  third 
fraction  was  identical  to  that  of  the  authentic  sample. 

30.  Ethyl  2-Acetylheptanoate 

A  1000-ml,  round-bottomed  flask  was  charged  with  500  ml  of 
absolute  ethanol.  Sodium  metal,  23  E  (l.O  mole),  was  cut  into 
small  pieces  and  added  in  portions  to  the  alcohol  while  maintaining 
the  temperature  at  30-45°C.  The  mixture  was  stirred  until  all 
the  sodium  reacted.  At  this  point  130.2  g  (l.O  mole)-of  ethyl 
acetoacetate  was  added  and  the  resulting  solution  was  heated  to 
70®C  and  I66.3  g  (l.O  mole)  of  1-broraopentane  was  added  dropwlse 
at  70-75‘’C.  The  mixture  was  then  heated  at  reflux  for  one  hour 
and  allowed  to  stand  over  the  weekend. 


After  heating  at  reflux  for  two  hours,  the  mixture  was  cooled 
and  filtered.  The  solvent  was  removed  by  distillation  at  atmospherlf 
pressure.  The  residue  was  distilled  at  reduced  pressure,  the  keto- 
ester  being  collected  at  85-86°C/1.0  mm.  The  yield  weis  150  g  of 
crude  product  (925^  pure  by  VPC)  representing  a  yield  of  595^. 
Literature^^^)  value  for  ethyl  2-acetylheptanoate:  bp  ll6°C/lO  mm, 
ngs  1.45261. 

51.  Ethyl  2-Acetyl-2-methylheptanoate 

A  2000-ml,  round-bottomed  flask  was  charged  with  400  ml  of 
dry  2-methyl-2-butanol .  Then  26.1  g  {O.67  g-atom)  of  potassium 
metal  was  cut  into  small  pieces  and  added  portlonwlse  at  60-70®C. 
When  the  addition  was  complete,  stirring  was  continued  until  all 
the  metal  had  reacted.  To  the  resulting  solution,  101  g  (0.7  mole) 
of  ethyl  2-methylacetoacetate  was  added  and  the  mixture  stirred  for 
several  minutes.  Then  148.6  g  (0.75  mole)  of  1-lodopentane  was 
added  dropwise  at  70°C  in  twenty  minutes.  The  mixture  was 
heated  at  reflux  for  three  hours. 

After  cooling  to  room  temperature,  500  ml  of  water  was  added 
and  the  mixture  stirred.  Although  the  mixture  seemed  to  be  neutral 
to  pH  paper,  10  ml  of  glacial  acetic  acid  was  added.  The  organic 
layer  was  separated,  washed  once  with  water,  and  allowed  to  dry 
over  anhydrous  magnesium  sulfate. 

After  filtration,  the  solvent  was  removed  by  distillation  at 
ambient  pressure.  Further  distillation  gave  two  major  fractions: 

9.^  g,  bp  66®C/0.5  mm,  shown  by  VPC  to  be  84.0  aresi-%  product; 
and  101.2  g,  bp  62-65°C/0.2  mm,  shown  by  VPC  to  be  95.2  area-^ 
product,.  The  total  yield  of  ethyl  2-acetyl-2-inethylheptanoate, 
based  on  VPC,  v^ac  7656. 


52.  Attempted  Meerweln  Reaction  (Ethyl  g- Amyl-3- (3,5- dlmethoxyphenyl )- 
Crotonate) 

A  500-ml  round-bottomed  flask  was  charged  with  20  ml  of 
concentrated  hydrochloric  acid,  20  ml  of  water,  and  15.3  g  (O.l 
mole)  of  3j5-dlraethoxyanl line .  This  mixture  was  then  stirred 
for  15  minutes,  and  18.4  g  (0.1  mole)  of  ethyl  2-ethylldene- 
heptanoate  In  60  ml  of  acetone  and  4  g  of  cupric  chloride  di- 
hydrate  in  10  ml  of  water  were  added  under  nitrogen.  The  re¬ 
sulting  mixture  was  cooled  to  -4'’C  and  a  solution  of  8  g  (0.12 
mole)  of  sodium  nitrite  in  20  ml  of  water  added  in  7  minutes  at 
-5“  to  +5'’C.  The  mixture  was  then  allowed  to  warm  up  to  room 
temperature.  At  14®C  nitrogen  evolution  started.  After  45  minutes 
the  temperature  had  reached  36°C  ajid  nitrogen  was  being  evolved 
at  a  steady  rate.  The  mixture  was  then  heated  at  reflux  (pot 
temperature  69° C)  for  3  hours. 

The  mixture  was  extracted  with  two  125-ml  portions  of  ether. 

The  ether  extracts  were  combined,  washed  with  water  until  neutral, 
and  dried  over  anhydrous  magnesium  sulfate.  After  filtration  and 
removal  of  the  solventj  distillation  gave  only  starting  materials 
and  a  very  small  amount  of  high-boiling  residue. 

33 .  "Attempted  Reforniatsky  Reaction  (Ethyl  2-Amyl-3-hvdroxv-3-(3.5- 
dlmethoxyphenyl) butyrate) 

A  500-ml  flask  equipped  with  a  stirrer,  thermometer,  condenser 
With  drying  tube,  and  a  dropping  funnel  was  charged  with  19.6  g 
(0.3  mole)  of  40-me3h  metallic  zinc  that  had  been  washed  with  dilute 
hydrochloric  acid,  ethanol,  water,  and  acetone,  and  dried.  Then, 
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about  40  ml  of  a  solution  of  48.6  g  (0.27  mole)  of  3,5-dlmethoxy- 
acetophenone  and  57.6  g  (0.25  mole)  of  ethyl  2-bromoheptanoate 
(Sapon  Laboratories,  redistilled)  in  100  ml  of  dry  benzene  was 
run  Into  the  flask  with  stirring.  There  was  no  indication  of 
reaction,  so  heating  was  initiated  and  addition  was  resumed.  At 
90®C  there  was  a  sudden,  vigorous  reflux,  and  the  pot  temperature 
increased  sharply  to  105“C.  The  addition  was  completed  and  the 
mixture  was  heated  at  reflux.  In  order  to  increase  the  pot  tem¬ 
perature,  solvent  was  removed  by  distillation.  At  a  pot  temperature 
of  130“C  the  residue,  which  had  been  becoming  more  and  more  viscous, 
solidified,  probably  because  solvent  removal  left  the  halozlnc 
salt  of  the  hydroxyester.  At  this  point,  heating  was  discontinued, 
and  100  ml  of  benzene  was  added.  The  product  was  obtained  by 
hydrolysis  of  the  reaction  mixture  with  100  ml  of  20%  sulfuric  acid. 
The  organic  layer  was  separated,  washed  with  portions  of  3%  sulfuric 
acid,  lOJt  aqueous  sodium  carbonate,  and  water,  and  dried  over  an¬ 
hydrous  magnesium  sulfate.  After  filtration  and  removal  of  the 
solvent,  75  g  of  a  yellow  liquid  residue  was  obtained.  Distillation 
gave  14  g  of  colorless  liquid,  bp  54-70®C/l.0  mm  (mostly  35-56'’C), 

19  g  of  colorless  liquid,  bp  99-129'’C/1.0  mm,  which  partially  ' 
crystallized  on  standing,  and  35  g  of  almost  colorless  liquid,  bp‘ 
170-l80“C/l .0  mm,  as  well  as  a  small  amount  of  residue.  Redistllla- 
tlon  of  the  high-boiling  cut  resulted  In  the  recovery  of  the  two 
lower-boiling  materials  and  a  much  smaller  amount  of  higher-boiling 
product.  Apparently,  decomposition  was  taking  place. 


According  to  the  VPC,  the  mixture  contained  a  high-bolllng 
compound  consistent  with  ethyl  2-amyl-5-hydroxy-3-(]5,5-dimethoxy- 
phenyl ) butyrate j  3»5-<ilinethoxyacetophenone;  and  several  other  com¬ 
ponents.  No  ethyl  2-bromoheptanoate  was  present. 

5^ .  Ethyl  2-Ethylldeneheptanoate 

a.  Attempted  Dehydration  of  Ethyl  2-(l-Hydroxyethyl)heptanoate 
Using  Dry  Hydrogen  Chloride  Dehydration  of  ethyl  2-(l-hydroxyethyl)- 
heptanoate  following  the  method  of  Natelson  and  Gottfried^^®)  was 
attempted.  The  method  consists  of  passing  dry  hydrogen  chloride 
through  the  Hydroxy  eater  while  heating  on  a  steam  bath.  In  this  case, 
treatment  for  two  hours  In  the  manner  outlined  resulted  in  the  recovery 
of  unreacted  ethyl  2-(l-hydroxyeLhyl)heptanoate. 

b.  Attempted  Dehydration  Using  Iodine  In  Refluxing  Benzene 
Dehydration  of  ethyl  2-(  l-hydroxyethyl)heptanoate  was  attempted 
using  the  procedure  of  Hlbbert^^O^.  This  consists  of  treatment  of 
the  p-hydroxyester  with  iodine  In  hefluxing  benzene.  In  this 
instance,  after  16  hours  of  reflux,  no  reaction  occurred  and  the 
starting  material  was  recovered  unchanged. 

c.  Attempted  Dehydration  Using  Fused  Potassium  Acid  Sulfate 
P-Hydroxyesters  have  been  dehydrated  by  heating  over  fused  potassium 
acid  sulfate  for  several  hours  and  this  method  has  been  studied  ex¬ 
tensively  by  Kon  and  Nargund(51).  In  the  present  work,  heating  ethyl 
2-(l-hydroxyethyl)heptanoate  over  fused  potassium  acid  sulfate  for 
four  hours  at  130"-150'’C  resulted  only  in  recovery  of  starting  material. 


(1.  Dehydration  with  Phosphorus  Pentoxlde  Following  the  pro¬ 
cedure  of  Doering  and  coworkers^ ,  a  500-ml  flask  equipped  with  a 
stirrer,  thermometer,  condenser,  and  addition  funnel  was  charged  with 

11  g  (0.075  mole)  of  phosphorus  pentoxlde  In  25  ml  of  dry  benzene. 

Then,  22.7  g  (0.112  mole)  of  ethyl  2-( l-hydroxyethyl)heptanoate  was 
added  dropwlse  while  the  temperature  was  kept  at  50°-4o°C  with 
occasional  cooling.  When  the  addition  was  completed,  the  mixture 
was  heated  to  75°C,  cooled,  and  the  solvent  removed.  Distillation  of 
the  residue  gave  a  crude  product,  bp  56-65‘’C/0.5-0.7  mm.  Redistllla- 
tion' resulted  In  the  Isolation  of  l4.G  g  (71^  yield)  of  a  colorless 
liquid,  bp  49-50°C/0.25  rnm,  n5°  1.4366.  VPC  showed  the  material  to 
consist  of  essentially  three  components  in  49,  12,  and  39  area-^.  Sep¬ 
aration  arid  investigation  with  infrared  indicated  that  the  49  and 

12  area-5^  peaks  were  cls-trans  isomers  of  the  desired  ^ ,P-unsaturated 
ester  while  the  39  area-JiS  peak  was  the  undesirable  p, y-unsaturated 
ester,  ethyl  2-vlnylheptanoatc.  Neither  ester  has  been  previously 
reported. 

e.  Dehydration  with  Pheuiphorus  Oxychloride  Following  the 
method  of  Kon  and  Nargund^^^),  a  ‘jOO-ml,  round- bottomed  flask  was 
charged  with  61.3  g  (0.4  mole)  ol’  piiocf)horus  oxychloride  and  50.6  g 
(0.25  mole)  of  ethyl  2-( l-hydroxyothyl)hcptanoatc  in  50  ml  of  dry 
benzene-.  The  mixture  was  heated  at  reflux  (pot  temperature  95‘’C)  for 
22  hours.  After  removal  of  the  solvent  and  unrcacted  phosphorus 
oxychloride,  distillation  resulted  in  the  isolation  of  30  g  of  crude 
product.  Upon  redistlllatlon,  27  g  (65$^  yield)  of  a  colorless  liquid, 
bp  45-46'’C/0.2  mm,  was  obtained.  Examination  by  VPC  Indicated  that  it 
consisted  of  a  mixture  of  cis-  and  trans- J  ,p-un3aturated  ester  in  76 
area-5^  and  p,  f  -unsaturated  ester  in  24  area-j^. 


•  Dehydration  with  Phosphorus  Oxychloride  In  Pyridine  A 
2000-nil,  round-bottomed  flask  was  charged  with  122.6  g  (0.8  mole) 
of  phosphorus  oxychloride  and  400  ml  of  dry  pyridine,  and  I56.5  g 
(0.675  mole,  94  area-5^  pure  by  VPC)  of  ethyl  2-(l-hydroxyethyl)- 
heptanoate  was  added  dropwlse.  The  addition  was  started  at 
^0°C,  and  by  the  end  of  the  addition,  the  temperature  had  reached 
84°C.  The  mixture  was  then  heated  to  120°C  and  maintained  at  120 
to  150“C  for  1.5  hours.  After  cooling  to  lO^C,  the  mixture  was  fil¬ 
tered  to  remove  the  pyridine  hydrochloride  that  had  formed.  Most 
of  the  excess  pyridine  was  removed  by  distillation  at  atmospheric 
pressure. 

The  residue  was  transferred  to  a  separatory  funnel  and 
extracted  with  675^  diethyl  ether,  The  aqueous  layer  was  extracted 
with  two  250-ml  portions  of  ether.  The  ethereal  soltitions  were 
combined,  washed  with  water,  and  dried  over  anhydrous 'magnesium  sul¬ 
fate.  After  filtration  and  removal  of  the  solvent,  distillation  gave 
107.5  g  of  clear,  colorless  liquid,  bp  44-54°C/0.23  mm.  VPC  showed 
the  desired  ethyl  2-ethylideneheptanoate  to  be  present  In  65. 1 
area-56.  The  undesired  |Ei,Y-unBaturated  ester,  ethyl  2-vlnylheptanoate, 
was  present  in  only  2.2  area-56.  However,  two  components  of  slightly 
higher  retention  times  were  present  in  20.5  anchl2.2  area-56, 
respectively. 


Although  these  components  were  not  separated  and  Iden!  ified, 

It  was  felt  that  they  probably  represented  the  two  ^  pairs  of  ethyl 
2-(l-chloroethy] )heptanoate  since  pyridine  and  phosphorus  oxychloride 
could  readily  replace  hydroxyl  with  chlorine.  A  500-ml  flask  was 
charged  with  10?  g  of  the  mixture  of  esters  and  then  10  g  (0.179 
mole)  of  potassium  hydroxldje  in  8v  ml  of  anhydrous  ethanol  was  added 
dropwise.  The  addition  was  started  at  25®C  and  the  temperature  had 
reached  57 “C  by  the  end  of  the  addition.  The  mixture  was  heated 
at  50®C  for  thirty  minutes,  cooled,  filtered,  and  the  solvent  re¬ 
moved.  Distillation  of  the  residue  gave  89.5  g  of  clear,  colorless 
product,  bp  k6-Hj°C/0.23  mm,  1,4^22;  calculated  for  CiiHgoOg: 

(3,  71.7;  H,  10.9;  found;  0,  71. B;  H,  10.9.  VPC  indicated  the 
product  to  be  ethyl  2-ethylldeneheptanoate  In  98.1  area-?6  purity. 

The  yield,  based  on  ethyl  2-(l-hydroxyethyl)heptanoate,  was  765^. 

55.  Ethyl  2- ( 1-Hydroxyethyl)hepbanoate 

A  1-llter  autoclave  was  charged  with  99  g  (0.49  mole)  of  ethyl 
2-acetylheptanoate  in  I50  ml  of  ethanol  and  this  solution  was 
placed  under  lll50  pslg  of  hydrogen  and  heated  at  125°C  for  two  hours 
using  nlckel-on-kieselguhr  catalyst,  following  the  procedure  of 
Adkins  and  coworke^cs^"^) .  When  the  hydrogenation  was  complete,  the 
mixture  was  filtered  to  remove  the  catalyst.  After  removal  of  the 
solvent,  distillation  gave  95.6  g  {9^%  yield)  of  ethyl  2-(l-hydroxy- 
ethyl)heptanoate,  bp  74-75“C/0.2  mm,  n^®  1,4546.  The  compound  has 
not  been  previously  reported. 


56 .  2-Heptanol 


Into  a  5-lifcer  flaak  in  an  atmosphere  of  nitrogen  vras  placed 
1500  ml  of  5N  niethylmagnesium  bromide  (4.6  moles)  in  ether  (Arapahoe 
Chemicals,  Inc.,  Boulder,  Colorado).  To  the  Grignard  solution  vras 
added  dropwise  226  g  (2.5  moles)  of  hexanal  in  500  ml  of  anhydrous 
ether  in  85  minutes  at  a  rate  to  maintain  gentle  reflux.  The 
reaction  mixture  was  heated  under  reflux  for  an  additional  hour  and 
then  hydrolyzed  by  pouring  It  onto  4000  g  of  Ice  and  200  ml  of 
concentrated  sulfuric  add.  The  ether  layer  was  separated  and 
washed  twice  with  sodium  bicarbonate  solution.  It  was  concentrated 
and  the  residue  distilled  yielding  a  clear,  colorless  fraction, 
bp  74-75®C/28  mm,  weighing  228  g  (87^). 

57.  2-Methylheptanonltrile 

A  1000-ml,  round-bottomed  flask  fitted  with  a  take-off  stopcock 
on  the  bottom,  was  equipped  with  a  stirrer,  Dry  Ice  condenser  with 
soda  lime  tube,  thermometer,  and  addition  funnel  and  charged  -with 
500  ml  of  anhydrous  liquid  ammonia  and  1.0  g  of  ferric  nitrate 
nonahydratc.  Then  2  to  5  g  of  sodium  which  had  been  cut  into 
small  pieces  was  added  and  air  bubbled  through  the  resulting  solution 
until  it  was  apparent  that  reaction  was  taking  place.  More  sodium 
was  then  added  portionwlse  until  a  total  of  11.5  g  (O.5  g-atom)  had 
been  added.  The  mixture  was  allowed  to  warm  up  to  ammonia  reflux 
and  27.6  g  (0.5  mole)  of  proplonitrlle  was  added  fairly  rapidly. 

After  stirring  ten  minutes  the  mixture  was  added  dropwise  (through 
the  bottom  take-off  stopcock)  to  55.5  g  (0.5  mole)  of  1-ch loro pentane 
which  was  in  a  flask  equipped  with  a  stirrer,  thermometer,  and  Dry 
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Ice  condenser  with  soda  lime  tube.  When  the  addition  v;as  completed, 
the  ammonia  was  allowed  to  evaporate.  To  the  residue  was  added 
200  ml  of  diethyl  ether  followed  by  200  ml  of  water.  The  water  was 
added  cautiously  at  first  until  it  was  apparent  that  any  unreacted 
sodamlde  had  been  decomposed.  The  two  layers  were  separated  and 
the  aqueous  layer  was  extracted  with  two  100  ml  portions  of  ether. 

The  ethereal  solutions  were  combined,  washed  several  times,  and 
dried  over  anhydrous  magnesium  sulfate.  After  removal  of  the  solvent, 
distillation  gave  4o  g  {6h^  yield)  of  2-methylheptanonitrlle,  bp 
56‘’C/5.0  rrm,  n®°  1.4151  (literature (54)  n§°  1.4154);  calculated  for 
CsHisN:  C,  76.6;  H,  12.1;  N,  11.2;  found:  C,  76.6;  H,  12.1; 

N,  11.0. 


?B.  3-Methyl-4-hydroxyoctanonc -2 

This  preparation  was  carried  out  according  to  the  method  of 
Powell,  Murray  and  Baldwln^^^),  A  1-llter,  4-necked  flask  was 
equipped  with  stirrer,  thermometer,  Priederlchs  condenser,  and 

125-nil  dropping  funnel.  The  flask  was  charged  with  90.4  g  (1.254 
moles)  of  butanone  and  21  ml  of  IN  alcoholic  potassium  hydroxide 
solution,  .^itirring  was  started,  and  a  slightly  turbid,  yellow 
solution  resulted.  Dropwlse  addition  of  56  g  (0.4l8  mole)  of  n- 
valeraldehyde  was  then  carried  out  over  a  JO-minute  period.  The 
temperature  of  the  mixture  rose  to  45®C  during  the  course  of  the 
addition.  The  solution  became  orange-amber.  The  mixture  was 
stirred  for  an  additional  half  hour.  Aqueous  tartaric  acid  (iH, 

.27  ml)  was  then  rapidly  added  over  a  5-nilnute  period.  The  precipi¬ 
tated  tartrate  was  filtered  off,  and  the  small  water  layer  in  the 


filtrate  was  discarded.  The  organic  portion  of  the  filtrate  was 
dried  over  sodium  sulfate.  Excess  butanone  was  then  removed  from 
the  dried,  brilliant  yellow  organic  liquid  by  distillation  at 
atmospheric  pressure.  The  residue,  weighing  49*4  g  for  a  7556 
crude  yield,  was  then  fractionated  under  reduced  pressure.  A 
significant  forerun,  believed  to  be  5-methyloctene-5-one-2  produced 
by  thermally -induced  dehydration,  was  taken,  and  then  the  product 
was  collected  at  64.5-65°C/0.75  nim,  n^°  1.4429;  reported^ 
bp  98'’C/i6  mm,  mm,  n^^  1.44o4. 

59.  5-Methyloctanol-2 

a.  From  Acetaldehyde  and  2-Heptylmagne3ium  Bromide  via  the 
Succinic  Acid  Half  EsterC^)  The  Grignard  reagent  was  prepared  from 
146.9  6  (0.82  mole)  of  2-bromoheptane  in  115  ml  of  anhydrous  ether. 

This  was  then  reacted  with  55.0  g  (0.75  mole)  of  acetaldehyde  in  45 
ml  of  anhydrous  ether.  Anhydrous  dloxane  (l60  ml)  was  then  added, 
followed  by  the  addition  of  75.1  g  (0.75  mole)  of  succinic  anhydride.  ■ 
After  a  few  minutes  had  passed,  the  entire  reaction  mixture  formed  into 
a  hard,  solid  mass.  At  this  point  an  additional  500  ml  of  ether  and  500 
ml  of  dioxane  was  added.  The  solid  mass  soon  softened,  and  efficient 
stirring  was  again  possible.  The  mixture  was  refluxed  at  52“C  , 

for  one  hour,  then  hydrolyzed  by  pouring  onto  cracked  ice,  followed 
by  acidification  with  hydrochloric  acid.  The  half-ester  was 
isolated  by  ether  extraction.  The  ether  was  removed  under  vacuum 
and  the  oily  residue  dissolved  in  a  slight  excess  of  10%  sodium 
hydroxide.  The  basic  solution  of  the  half -ester  was  then  extracted 
with  ether  to  remove  neutral  substances.  The  concentration  of 


sodium  hydroxide  was  Increased  to  20^,  and  saponification  was 
effected  by  refluxing  the  basic  solution  for  about  4  hours.  Ether 
extraction,  followed  by  drying  and  distillation,  gave  the  alcohol, 
bp  76“C/7.5  mm,  n^o  1.4534. 

This  compound  has  been  reported^ ,  bp  85-87‘*C/7  mm  and  75‘’C/ 
15  mm,  1.4350  and  np"^  1.437.  The  yield  (based  on  VPC  assay)  was 
43.2  g  or  40^.  The  yield  of  crude  alcohol  (prior  to  distillation) 
was  61.3  g,  or  a  crude  yield  of  37^, which  agrees  well  with  the  60% 
yield  reported  by  Adams,  Harfenlst  and  Loewe^^), 

Anal.  Calcd.  for  CgHsoO:  C,  74.93;  H,  13.98.  Found:  C,  75-6; 

H,  13.8. 

The  sample  chosen  for  elemental  analysis  was  assayed  by  vapor 
phase  chromatography  and  found  to  be  94.1^  pure,  having  carbonyl 
and  oleflnlc  contaminants.  Adams,  Harfenlst  and  Loewe{l)  also 
report  a  high  carbon  analysis  for  their  product. 

Avoiding  the  Use  of  Succinic  Anhydride  A  1- liter  flask 
equipped  with  a  stirrer,  thermometer,  condenser  with  drying  tube, 
dropping  funnel,  and  nitrogen  inlet  tube,  was  charged  with  38  g 
(-.57  E-atoms)  of  magenslum  turnings,  and  the  entire  system  was 
flamed  out  under  nitrogen.  After  cooling,  65  ml  of  anhydrous 
diethyl  ether  was  added,  and  then  a  solution  of  247.2  g  (1.38  moles) 
of  2-bromoheptane  in  125  ml  of  anhydrous  ether  containing  a  small 
crystal  of  iodine,  was  added  dropwise  at  such  a  rate  as  to  main¬ 
tain  reflux,  by  the  end  of  the  addition  the  temperature  of  the 
.reaction  mixture  was  72°C.  The  mixture  was  then  heated  at  reflux 
for  one  additional  hour.  After  cooling  the  Grignard  solution  to 
-10°C,  a  solution  of  55.1  g  {I.25  moles)  of  freshly-distilled 


acetaldehyde  in  65  ml  of  anhydrous  ether  was  added  dropwlse  in  one 
hour  while  maintaining  the  temperature  at  -5  to  -15®C  by  means  of 
a  Dry  Ice-methanol  bath.  The  reaction  mixture  was  then  allowed 
to  stand  overnight. 

The  reaction  mixture  was  hydrolyzed  by  the  addition  of  a  solu¬ 
tion  of  84.2  g  of  ammonium  chloride  in  240  ml  of  water  while 
maintaining  the  temperature  at  10®C  or  less.  The  organic  layer 
was  decanted  off,  and  the  solid  residue  was  extracted  with  several 
portions  of  ether.  The  ethereal  solutions  were  combined,  washed 
with  'water,  and  dried  over  anhydrous  magnesium  sulfate.  After  fil¬ 
tration  and  removal  of  the  solvent,  distillation  gnve  the  following 


fractions ; 

Boiling 
Range,  “C 

Press, 
mm  Hg 

Weight, 

s 

nSO 

Composition  by  VPC,  Area-i^ 
5-methyl-2-  5-methyl-2- 

octanone  octanol 

68-74 

10-11 

16.4 

1.4250 

68 

_  24 

74-78 

9.7 

15.9 

1.4266 

48 

48 

79-81 

8. 5-9.0 

44.0 

1.4450 

9 

85 

Residue 

25 

Literature  values  for  5-raethyl-2-()ctanol  are:  85-87 “C/Y.O  mm, 
nj°  1.4530^^);  bp  75”C/15  mm,  nf)’^  1,457(^^). 

4o.  3-Methyloctanone-2 

a.  From  3~Hethyloctene-?-one-2  The  procedure  chosen  was  that 
of  Powell  and  Secoy(^T').  The  dehydrated  aldol,  70.I  g  (0.50  mole)  was 
dissolved  in  200  ml  of  95^  ethanol.  Platinum  oxide,  0.8  g,  was  added 
and  the  mixture  was  reduced  with  hydrogen  in  a  Parr  reduction  apparatus 
at  40  psig. 


After  filtration  and  removal  of  the  solvent,  distillation  gave 
39.7  g,  bp  67-68.5°C/8.5  mm,  n^°  1.4228;  and  20.3  g,  bp  68-70”C/ 

8.3  nun,  np°  1.4268.  VPC  indicated  that  the  lower-boiling  cut  was 
an  approximately  equimolar  mixture  of  3-methyl-2-octanone  and  an 
unknown  c  ompound . 

The  VPC  of  the  higher-boiling  cut  showed  15  area-?g  5-methyl-2- 
octanone,  65  area-J^  of  the  same  unknown  compound,  and  three  minor 
components.  Additional  comments  on  these  results  appear  in  the 
discussion  section  II.A.5.a.(5) • 

b.  From  3-MethyloctanDl-2^^5)  5-Methyloctanol-2  (31.5  g, 

0.218  mole)  was  added,  dropwlse  with  stirring  over  a  1.3-hour  period, 
to  a  solution  of  27.1  g  (0.09I  mole)  of  sodium  rtlnbromate  dihydrate 
and  49  g  of  concentrated  sulfuric  acid  in  I60  ml  of  water.  The  addi¬ 
tion  was  exothermic,  and  the  temperature  was  not  allowed  to  exceed 
30®C.  After  the  addition  had  been  completed,  the  mixture  was  stirred 
at  room  temperature  for  an  additional  18  hours.  The  mixture  was  then 
extracted  with  ether,  the  extract  being  dried  over  anhydrous  magnesium 
sulfate.  The  ether  was  evaporated  under  reduced  pressure  leaving  a 
pale-yellow  liquid  residue.  This  residue  was  distilled  under  reduced 
pressure,  the  ketone  being  collected  from  66-68°C/13.5  mm,  np  1.4195,' 
-■  reported^^5)  bp  64-65'’C/l8  mm,  ng,"^  1.424.  The  yield  of  ketone,  based 
on  VPC  assay,  was  20.2  g  or  65^. 

Anal.  Calcd.  for  CoHieO:  C,  76. O;  H,  12.8.  Pound:  C,  76.4; 


14  I. 


H,  12.8 


c.  Prom  Ethyl  2-Acetyl-2-methylheptanoate  A  1000  ml 
flask  was  charged  with  7^  ml  of  water,  570  ml  of  methanol,  and 

29.1  g  (0.518  mole)  of  potassium  hydroxide.  Ethyl  2- acety 1-2-methyl - 
heptanoate,  85  g,  (92  area-^  pure)  was  added  and  the  resulting  solu¬ 
tion  was  heated  at  reflux  for  four  hours.  Water,  40  ml,  and  29.1  g 
of  potassium  hydroxide  were  added,  and  the  mixture  was  then  heated 
at  reflux  for  another  eight  hours.  Distillation  at  atmospheric 
pressure  removed  5g0  ml  of  solvent.  The  residue  was  transferred  to 
a  one-liter  separatory  funnel  and  92  ml  of  water  was  added.  The 
resulting  two  layers  were  separated,  and  the  aqueous  layer  was  extracted 
with  two  75-ml  portions  of  ether.  The  extracts  were  comhlned  with 
the  organic  layer,  and  the  resulting  solution  was  washed  with  three 
100-ml  portions  of  water  and  dried  over  anhydrous  magnesium  sulfate. 

After  removal  of  the  solvent,  distillation  gave  55  g  of  5- 
methyloctanone-2,  bp  60-65*0/7-8  mm,  n®°  1.4202,  97.9  area-Jf  pure 
hy  VPC.  The  yield  was  645^. 

d.  From  2-Hethylheptanonltriie  A  500-ml,  round- bottomed  flask 
was  charged  with  I75  ml  of  a  5M  methylmagneslum  bromide  solution  in 
ether.  The  entire  reaction  was  carried  out  under  nitrogen.  A  solu¬ 
tion  of  62.6  g  (6.5  mole)  of  ?-methylheptanonitrile  in  60  ml  of  dry 
diethyl  ether  was  added  dropwlse  in  1.2  hours.  The  addition  was  started 
at  l6*C,  and  by  the  end  of  the  addition,  the  solution  had  come  to  a  slow 
reflux  at  55*C.  The  mixture  was  then  heated  at  full  reflux  (40*0)  for 
sixteen  hours. 

The  reaction  mixture  was  hydrolyzed  by  pouring  onto  crushed 
ice  containing  250  g  of  55^  sulfuric  acid.  After  stirring  for  one 


hour,  the  two  layers  were  separated.  The  ether  layer  was  washed 
with  water  and  dried  over  anhydrous  magnesium  sulfate.  After  fil¬ 
tration  and  removal  of  the  solvent,  a  30  g  residue  was  obtained. 

This  was  much  less  than  the  expected  amount. 

Since  some  imlnes  hydrolyze  only  slowly,  it  was  felt  that  the 
low  weight  of  residue  might  be  due  to  Incomplete  hydrolysis.  There¬ 
fore,  15  ml  of  concentrated  sulfuric  acid  was  added  to  tlie  aqueous 
layer  and  it  was  allowed  to  stand  overnight.  After  eighteen  hours 
a  second  phase  had  formed.  The  aqueous  mixture  was  extracted  with 
three  100-ml  portions  of  ether.  The  extracts  were  combined  with 
the  residue  previously  obtained  and  dried  over  anhydrous  magnesium 
sulfate,  After  filtration  and  removal  of  the  solvent,  60.3  g  of 
yellow  residue  was  obtained.  Distillation  gave  5^  g  of  3-methyl- 
octanone-2,  bp  64°C/9.5  mm,  1.4195,  91?^  pure  by  infrared.  The 
yield  was  76%. 


e.  By  the  Amylatlon  of  Butanonc 

(1)  Two-Flask  Method  A  1000-ml  reaction  flask  fitted  with  a 
take-off  stopcock  on  the  bottom  was  charged  with  about  50O  ml 
of  anhydrous  liquid  ammonia  and  3 .0  g  of  ferric  nitrate  nonahydrate . 
Then  2  to  3  g  of  sodium  that  had  been  cut  Into  small  pieces  was 
added  and  air  bubbled  through  the  resulting  solution  untll^ it  was 
apparent  that  reaction  was  taking  place.  More  sodium  was  then 
added  in  portions  until  a  total  of  I3.8  g  (0.6  g-atom)  of  sodium 
had  been  added.  The  mixture  was  allowed  to  warm  to  ammonia  reflux 
and  43.3  g  (0.6  mole)  of  butanone  was  added  fairly  rapidly, 

After  stirring  the  mixture  five  minutes,  it  was  added  dropwlse 


(through  tho  bottom  stopcock)  to  75-6  g  (0.5  mole)  of  l-bromo- 
pentane,  which  was  In  a  round-bottomed  flask  equipped 

with  a  stirrer,  thermometer,  and  Dry  Ice  condenser  with  soda 
lime  tube.  When  the  addition  was  completed,  the  ammonia  was 
allowed  to  evaporate.  To  the  residue  was  added  200  ml  of  ether 
followed  by  200  ml  of“ water.  The  two  layers  were  separated  and 
the  aqueous  layer  was  extracted  with  two  100-ml  portions  of  ether. 

The  ethereal  solutions  were  combined,  washed  several  times,  and 
dried  over  anhydrous  magnesium  sulfate.  After  removal  of  the  solvent, 
the  residue  was  distilled  and  everything  boiling  up  to  6l®C/ 

4.0  mm  was  collected.  This  fraction,  which  weighed  50  g,  was  shown 
by  VPC  to  be  86  area-jS  5-methyloctanone-2  with  no  evidence  of  the 
other  possible  product,  5-nonanone.  The  yield  was  36?^. 

(2)  One-Flask  Method  A  1000  ml  flask  was  charged  with  500  ml 

of  anhydrous  ammonia  and  1  g  of  ferric  nitrate  nonahydrate,  A  few 
small  pieces  of  metallic  sodium  were  added  and  air  bubbled  through  the 
solution  until  It  was  apparent  that  reaction  was  taking  place.  Then 
more  sodium  was  added  portion-wise  until  a  total  of  13.8  g  (0,6  g- 
atom)  has  been  added.  Butanone,  43.3  g  (0.6  mole),  was  added  dropwise 
in  5  minutes  and  the  resulting  mixturp  was  allowed  to  stir  for  10 
minutes.  1-Bromopentane,  73.6  g  {0.5  mole),  was  added  dropwise"  in 
six  minutes  and  the  resulting  mixture  allowed  to  stir  for  one-half 
hour.  The  liquid  ammonia  was  allowed  to  evaporate  and  200  ml  of  ethyl 
ether  was  added  followed  by  the  cautious  addition  of  200  ml  of  water. 

The  resulting  two  layers  were  separated  and  the  aqueous  layer  was 
extracted  with  two  100  ml  portions  of  ether.  The  ethereal  solutions 


were  combined  and  washed  with  water  until  essentially  neutral.  After 
drying  over  anhydrous  magncsimn  sulfate  the  ethereal  solution  was 
filtered  and  the  solvent  removed  leaving  59  g  of  residue.  Distilla¬ 
tion  gave  three  fractions:  2.0  g  bp  up  to  47'’C/5.^  mm,  ca  50  area-^ 
5-methyloctanone-2;  36.0  g  bp  52-55*0/5.3  mm,  5<5  area-{^  unknown 
low-boiler,  84,5  area -jg  3-raethyloctanone-2  and  8.4  area-Jf  3-nonanonej 
14.7  g  residue,  10  area-JJ  3“niethyloctanone-2,  4  area-^  3-nonanone, 
and  the  remainder  hlgh-bolllng.  3-Methyloctanone-2  was  identified 
by  its  infrared  spectrum  and  by  VPC.  The  yield  was  by  VPC. 
3-Notianone  was  isolated  by  VPC  in  9?  area-J^  purity  and  identified 
by  infrared  spectrum  and  by  comparison  of  the  VPC  with  that  of  an 
authentic  sample.  The  yield  of  this  component  was  6^,  by  VPC. 

(5)  Using  Excess  Butanone  and  Sodium  The  procedure  outlined 
above  in  (2)  was  repeated  using  the  following  quantltles-of  reagents: 
1000  ml  liquid  ammonia,  1  g  ferric  nitrate  nonahydrate,  23  g  (l.O  g- 
atom)  sodium,  72.1  g  (l.O  mole)  butanone,  and  75*6  g  (l.O  mole) 
l-bromopentane.  The  weight  of  residue  obtained  was  64.7  g.  Distilla¬ 
tion  gave  three  fractions:  1.1  g  bp  up  to  55*C/7.5  mm,  45  area-jt 
3-methyloctanone-2;  45  g  bp  57-6l*C/6.5  mm,  6.3  area-jt  unknown- low- 
boiler,  82.4  area-j8  3-methyl6ctanone-2,  and  8.2  area-jt  3-nonanone; 
and  13.2  g  residue  bp  above  6lV6.5  mm,  6  area-J^  3-methyloctanone-2, 
The  ketones  were  identified  by  VPC.  The  yield  was  54j^  of  3-methyl- 
octanone-2  and  5»25t  3-nonanone,  by  VPC. 


(4)  Using  Amyl  Chloride  The  above  procedure  was  carried  out 
twice  using  53*5  g  (0.5  mole)  of  1-chloropentane  in  place  of  the 
l-bromopentane.  There  was  no  appreciable  product  (>5Jj)  formed  in 
either  experiment. 

(5)  Using  Amyl  Chloride  and  Sodium  Bromide  The  following 
reactants  were  used  in  an  amylation  attempt  following  the  procedure 
outlined  In  (2)  above,  except  that  10.5  g  (O.l  mole)  of  sodium  bromide 
was  added  to  the  sodamlde  solution:  1000  ml  liquid  ammonia,  1  g 
ferric  nitrate  nonahydrate /  25  g  sodium  (l.O  g-atom),  72,1  g  butanone 
(l.O  mole),  and  53,6g(l.O  mole)  l-chloropentane.  No  significant 
amount  of  product  was  observed. 

(6)  Using  Dlamyl  Sulfate  The  following  reactants  were  used  in 
an  amylation  attempt  following  the  procedure  outlined  In  (2)  above i 

1000  ml  liquid  ammonia,  0.3  g  ferric  nitrate  nonahydrate,  83  g 
Bodivun  (l  g-atom),  7^.1  g  butanone  (l.O  mole),  and  119,2  g  diamyl 
sulfate  (0.5  mole).  The  preparation  of  diamyl  sulfate  is  described 
in  section  IV. 10.  The  major  product  of  the  reaction  was  5-methyl- 
octanone-2,  28  area-?t>  by  VPC,  contaminated  with  3-nonanone  (8$^  yield 
by  VPC)  and  with  what  was  believed  to  be  the  two  blmolecular  ketols 
resulting  from  the  self-condensation  of  butanone_,  together  with  their 
dehydration  products. 

(7)  In  Toluerie  Solvent  A  one -liter  flask  was  equipped  with 
Hershberg  stirrer,  thermometer,  addition  funnel,  nitrogen  inlet,  and 
condenser  topped  with  a  soda-lime  drying  tube.  The  system  was  flamed 
•out  and  allowed  to  cool  under  a  stream  of  nitrogen.  The  flask  was 
then  charged  v:lth  iiry  toluene  (550  ml)  and  freshly  cut  sodium  (12.9  g, 
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0.!j6  E-atom).  The  mixture  was  vigorously  stirred  and  heated  to  reflux. 
After  the  sodium  had  been  dispersed  as  a  fine  sand,  freshly  distilled 
t-amyl  alcohol  (48.5  g,  0.55  mole)  was  slowly  added  from  a  dropping 
funnel.  The  mixture  turned  pink  during  the  50  minute  addition  period. 
Heating  at  reflux  was  continued  for  5.5  hours.  The  resultant  clear 
yellow  liquid  was  then  cooled  to  room  temperature  and  stored  under  dry 
nitrogen  until  used  In  the  amylatlon. 

A  two-liter  flask  equipped  with  glass  stirrer,  thermometer,  dry 
nitrogen  inlet,  addition  funnel  and  condenser  topped  with  soda-lime 
drying  tube  was  flamed  out  and  allowed  to  cool  under  a  stream  of  dry 
nitrogen;  then  charged  with  25O  ml  of  dry  toluene,  butanone  (36.O  g, 

0,5  mole)  and  amyl  bromide  (9O.6  g,  0.6  mole).  The  sodium  Jt-amyloxlde- 
toluene  solution,  previously  prepared,  was  rapidly  charged  Into  the 
dropping  funnel,  then  added  dropwlse  to  the  rapidly-stirred  reaction 
mixture.  The  addition  was  slightly  exothermic,  so  an  ice-water  bath 
was  intermittently  placed  In  contact  with  the  reaction  flask.  The 
color  of  the  reaction  mixture  changed  from  water-white  to  yellow  to 
orange  during  the  1-hour  addition  period.  The  mixture  was  then  heated 
I  In  an  oil  bath  until  the  pot  temperature  reached  85®C.  The  color  of 

j  .the  mixture  intensified  during  the  0.75-hour  heating  period.  The  mlxtur-.- 

was  cooled  to  room  temperature  and  hydrolyzed  by  the  addition  of  200  ni 
I  of  water.  The  exothermic  hydrolysis  was  moderated  with  an  ice-water 

bath.  The  mixture  was  transferred  to  a  separatory  funnel,  and  the 
I  organic  layer  drawn  off  and  set  aside.  The  residual  aqueous  phase  war. 

.  then  extracted  with  two  100  ml  portions  of  ether.  All  organic  phases 

were  combined  and  washed  with  four  I50  ml  portions  of  saturated  aqueous 
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sodium  chloride  solution.  After  drying  over  sodium  sulfate,  toluene 

was  removed  by  distillation  at  atmospheric  pressure.  The  residue  was 

fractionated  under  reduced  pressure.  A  series  of  six  distillation 

20 

cuts  were  collected  from  35'*Cl/25  iran  to  127'’C/l4  nun,  n^^  1,4396  -  1.4829. 
Instrumental  evaluation  indicated  that  the  desired  3-methyloctanone-2 
had  been  formed  In  only  2$?  yield,  together  with  the  usual  contaminant 
3-nonanone  in  0.456  yield.  About  one-third  of  the  starting  amyl  bromide 
was  reclaimed  unaltered.  The  major  reaction  products  appeared  to  be 
oi,/?-unsaturated  ketones,  a  pair  lower  boiling  and  a  pair  higher  boiling 
than  ‘the  desired  ketone. 

(8)  In  Ether  Solvent  The  preparation  of  sodium  ^-amyl- 
oxide  was  as  described  above,  except  that  the  amount  of  dry  toluene 
was  diminished  from  550  ml  to  370  ml  so  as  to  prepare  an  approximately 
1.5  M  solution  of  the  amyloxlde. 

A  reaction  system  Identical  to  that  described  for  the  amylation 

In  toluene  was  dried  in  the  usual  manner,  then  charged  with  370  ml 

of  sodium  dried  ether  and  butanone  (36.0  g,  0.5  mole).  The  sodium 

arayloxlde  solution  was  then  slowly  added  from  the  dropping  funnel, 

Amylbromlde  (90.6  g,  0.6  mole)  was  then  added  dropwlse  to  the  turbid 

yellow  reaction  mixture  over  a  15  minute  period.  Stirring  at  room 

temperature  was  continued  for  5  hours.  The  mixture  was  then  hydrolyzed 

•by  the  cautious  addition  of  200  ml  of  water.  The  hydrolysate  was  treatecf 

as  previously  described.  Fractionation  under  reduced  pressure  provided 

20 

a  series  of  5  outs  collected  from  30®C/l7  mm  to  121*C/l7  mm,  njj  1.4403  • 
1.48(38.  Instrumental  evaluation  Indicated  that  the  desired  3-methyl- 
octanone-2  had  been  formed  in  only  yield,  along  with  a  0.3S^  yield 
of  3-nonanone.  About  one-third  of  the  starting  amyl  bromide  was  re- 
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covered.  The  major  reaction  products  again  were  found  to  be  the  same 
four  e<'yrf-unsaturated  ketones  formed  when  toluene  had  been  used  as 
exclusive  reaction  solvent. 


f .  Attempted  Preparation  from  Epoxybutane 

(l)  Purification  of  2.3-Epoxybutane  The  2, 5- epoxybutane 
used  in  the  following  series  of  experiments  was  obtained  from  Parchan 
Research  Laboratories.  The  sample  contained  about  4^  water,  determined 
by  Karl  Fischer  titration.  Butylene  oxides  have  been  reported  to  form 
azeotropes  with  water  at  atmospheric  preBBure(99) .  The  epoxide 
was  shaken  with  an  equal  volume  of  dry  n-octane.  A  water  layer 
formed,  and  was  drawn  off  and  discarded.  The  turbid  epoxide-octane 
solution  was  then  dried  for  several  hours  over  anhydrous  magnesium 
sulfate,  followed  by  a  brief  period  in  contact  with  Linde  no.  4A 
molecular  sieves.  The  solution  was  then  slowly  distilled  through 
a  short  packed  column  to  Isolate  the  dry  epoxide . 

(2)  Reaction  of  2, 'j- Epoxybutane  with  Commercial  n-Amyl 
Sodium  (l;l)  A  carefully  dried,  three-necked,  ?-llter  flask  equipped 
with  a  Hershberg  tantalum  stlrror,  dry  nitrogen  Inlet,  thermometer,  and 
drying  tube  was  charged  with  amyl  sodium  (50  g,  0.552  mole)  (supplied 
by  Orgmet  as  a  slurry  in  heptane).  This  operation  was  carried  out 
in  a  dry  box  under  a  dry  nitrogen  atmosphere.  A  rapid  flow  of  dry 
nitrogen  was  passed  through  the  reaction  system  during  subsequent 
reaction.  The  mlxtvii'e  was  cooled  to  -20'’C  in  a  Dry  Ice-kerosene 
bath.  Freshly  dried,  2, 5- epoxybutane  (56  g,  O.5  mole)  dissolved 
In  70  ml  of  dry  octane  was  added  dropwlse  over  a  period  of  1 .7  hours. 
The  cooling  bath  was  removed  shortly  after  the  addition  was  begun. 


since  the  reaction  was  not  exothermic.  The  mixture  was  stirred  at 
room  temperature  for  10  minutes,  then  again  cooled  to  -20 ®C. 

Absolute  ethanol,  100  ml,  was  added  over  a  20-mlnute  period.  The 
mixture  thickened  and  then  thinned  again  during  the  addition. 

Water,  200  ml,  was  rapidly  added.  Two  layers  formed,  an  upper  water- 
white  organic  layer  and  a  lower  yellow  aqueous  layer.  The  aqueous 
layer  was  extracted  with  ether,  and  the  ether  extract  combined 
with  the  original  organic  layer.  The  combined  organic  phases  were 
washed  with  water  and  dried  over  sodium  sulfate.  Ether  was  removed 
on  a  rotary  evaporator,  and  the  bulk  of  the  reaction  solvents  were 
then  removed  by  distillation  at  atmospheric  pressure.  The  residue, 
a  pale  yellow  liquid  weighing  31  g,  was  fractionated  under  reduced 

pressure.  In  addition  to  residual  hydrocarbon  solvents,  a  small 
amount  of  liquid,  ,2.0  g,  was  collected  from  43-45®C/5inm,  1.4155* 

VPC  and  Infrared  spectra  indicated  that  this  small  cut  consisted 
of  83.9  area-5^  of  the  desired  3-methyl octanol-2  (2$^  yield). 

(■3)  Reaction  of  n-Amyl  Sodium,  Prepared  In-sltu.  with  2,3- 
Epoxybutane  (1:2)  A  three-necked,  2-11  ter  Morton  flask  was  equipped 
with  high  speed  stirrer,  Nlchrome  Ilcrshborg  whip,  dropping  funnel, 
dry  nitrogen  inlet,  ohermometcr  and  air-cooled  condenser  topped  ‘ 

with  a  drying  tube.  The  system  was  flamed  out  and  allowed  to 
cool  under  a  stream  of  dry  nitrogen.  Sodium  spheres  (23. 0  g,  1.0 
g-atom)  were  charged  Into  the  flask,  together  with  300  ml  of  dry, 
synthetic  octane.  The  octane  was  heated  to  reflux;  then  the  stirrer 
was  adjusted  to  high  speed  for  about  2  minutes.  Heating  was  dis¬ 
continued,  and  the  fine  sodium  dispersion  was  cooled  to  -10“C  in 
a  Dry  Ice-kerosene  bath.  Moderate  stirring  was  maintained  throughout 


the  subsequent  procedure.  Purified  n-amyl  chloride  (53.5  g,  0.5 
mole)  dissolved  In  500  ml  of  n-octane  was  added  dropwlse  over 
a  30-mlnute  period.  The  mixture  was  stirred  at  -5*0  for  JO  minutes, 
then  allowed  to  come  to  room  temperature. 

2,5-Epoxybutane  (72.1  g,  1.0  mole)  dissolved  in  70  ml  of  n- 
octane  was  added  dropwlse  to  the  amyl  sodium  dispersion  over  a 
40-mlnute  period.  The  addition  was  moderately  exothermic.  The 
mixture  was  stirred  for  I.75  hr  at  room  temperature,  then  cooled 
to  -ICC.  Absolute  ethanol,  100  ml,  was  added,  followed  by  the 
addition  of  200  ml  of  water.  The  mixture  was  acidified  by  the 
addition  of  60  g  of  glacial  acetic  acid.  The  aqueous  layer  was 

extracted  with  ether.  All  organic  phases  were  combined,  washed 
with  water,  then  dried  over  sodium  sulfate.  After  the  removal 
of  solvents,  the  residue  was  distilled  under  reduced  pressure.  In 
addition  to  residual  reaction  solvents,  a  small  cut,  5.2  g,  bp 
53-54*0/8  mm,  np°  1.4l40,  was  collected.  Instrumental  evaluation 
indicated  that  thin  ':ut  consisted  of  82.4  area-^  of  the  desired 
product  (65^  yield). 

(4)  Reaction  of  2,5-KpoxybutanG  with  Dutyl  Lithium  A  three- 
neckcd,  2-litcr  flask  wan  equipped  with  stirrer,  dropping  funnel,  dry 
nitrogen  inlet,  thormometer,  syringe  cap,  and  condenser  topped  with 
drying  tube.  The  system  was  flamed  out  and  allowed  to  cool  under 
a  stream  of  dry  nitrogen.  The  flask  was  charged  with  butyl  lithium 
(52.0  g,  0.50  mole)  in  hexane  solution  with  a  hypodermic  syringe. 

Dry  2,5-epoxybutane  (56.0  g,  0.5  mole)  dissolved  In  70  ml  of  dry 
n-octane  was  added  dropwlse  over  a  two-hour  period.  After  about 


I5i 


20  ml  of  the  epoxide  solution  had  been  added  with  no  apparent  exotherm, 
the  reaction  mixture  was  heated  to  50 “C,  heating  was  stopped,  and  the 
addition  was  continued.  The  reaction  was  seir-sustalning,  the 
temperature  of  the  mixture  rising  to  60“C  before  the  addition  had 
been  completed.  The  mixture  was  then  gently  refluxed  for  45  minutes. 
After  cooling  the  mixture  to  -10 ®C,  200  ml  of  water  was  slowly 
added.  The  mixture  was  acidified  by  the  addition  of  50  g  of  glacial 
acetic  acid.  The  organic  layer  was  separated  and  the  residual 
aqueous  layer  extracted  with  ether.  All  organic  phases  were  combined 
and  washed  with  water,  then  dried  over  sodium  sulfate.  Solvent 
was  removed  and  the  residue  distilled  under  reduced  pressure. 

Several  cuts  were  collected  from  27-77 “C/l7  mm,  n®°  1.5998-1.4238. 
Instrumental  evaluation  indicated  that  the  desired  product,  3-methyl- 
heptanol-2,  had  been  formed  in  6%  yield.  The  best  distillation  cut 
assayed  only  77  area-5S  purity  by  VPC. 

The  carblnol  produced  by  the  reaction  was  most  probably  the 
desired  one,  since  its  infrared  spectrum  exhibited  absorption 
characteristic  of  a  secondary  alcohol,  bonded  -OH  at  3350  cm"^,  and 
C-0  bend  at  1100  cm"^ .  The  nature  and  significance  of  other  products 
formed  during  this  reaction  have  been  treated  in  the  Discussion, 
section  II. A. 3. a, (6) . 

4l.  3-Methyloctene-3-oh6-2 

3-Methyl-4-hydroxyoctanone-2  iq.v.)  was  prepared  using  300  g 
(3.483  moles)  of  n-valeraidehyde.  Excess  butannne  was  removed, 
leaving  a  residue  of  587.7  g.  Iodine,  4.0  g,  was  added  to  this 
residue,  and  distillation  continued  at  atmospheric  pressure.  Water 
was  removed  first  and  an  unsaturated  ketone  distilled  from  170-190®n/ 
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7bO  mm.  A  large,  dark-colored,  viscous  pot  residue  remained.  The 
distillate  was  washed  with  two  100-ml  portions  of  2^  aqueous  sodium 
bisulfite  solution  and  dried  over  calcium  chloride.  The  crude  un¬ 


saturated  ketone,  201.6  g,  was  fractionated  under  reduced  pressure 
and  collected  at  35-^0®C/0.65  mm,  ng®  1.4497-1-^512;  reported^ 
bp  55-60®C/1  mm.  The  yield  of  purified  product  was  164.8  g  (34$^, 
calculated  as  3-niethyloctene-3-one~?) . 

42 .  Attempted  Preparation  of  Orcinol  Monomet-hyl  Ether  by  Basic 
Hydrolysis  of  3-Methoxy-4-chlorotoluene 

Following  Uie  procedure  of  Bottlni  and  Roberts, a  300-ml 
rocking  autoclave  was  charged  with  ?3.t)  g  (0.15  mole)  of  3-niethoxy- 
4-chlorotoluene  and  175  sodium  hydroxide  solution.  Heat¬ 

ing  was  initiated.  At  approximately  340 “C,  the  rocking  mechanism 
was  turned  on.  The  pressure  at  this  point  was  2100  pslg.  The 
mixture  was  maintained  at  >40-350®C  with  rocking  for  two  hours. 

The  pressure  at  the  end  of  this  period  was  2350  pslg.  After 
allowing  it  to  cool  overnight,  the  autoclave  was  vented.  The  con¬ 
tents  vjere  removed  and  acidified  with  20?^  hydrochloric  acid  and 
then  extracted  with  two  150-ml  portions  of  ether.  The  extracts 
were  combined,  washed  with  water,  and  dried.  After  filtration 
and  removal  of  the  solvent,  distillation  gave  7.5  g  (465f  yield) 

.of  m-cresol,  bp  49*’C/0.6  mm,  n^°  1.5384.  The  product  had  the 
same  VPC  retention  time  and  infrared  spectrum  as  an  authentic 
sample  of  m-cresol. 

43.  2-Phenyl-3-methyloctcnc-2 

a.  From  Phenylinagnesluin  Bromide  and  3-WGthyloctanonG-2 
A  500-mi  reaction  flasl  was  charged  with  120  ml  of  3  M  phenyl- 
magnesium  bromide  solution  (Arapahoe)  (ca.  0.36  mole)  under 


nitrogen.  A  solution  , of  47.4  g  (0.55  mole)  of  5-methyloctanone-2 
in  50  ml  of  dry  diethyl  ether  was  added  dropwlse  in  25  minutes 
while  maintaining  the  temperature  at  lO-lS^C.  The  mixture  was 
then  stirred  at  room  temperature  for  20  minutes  and  heated  at 
reflux  for  one  hour.  After  cooling,  the  mixture  was  poured  onto 
ice  and  500  ml  of  25%  sulfuric  add.  After  stirring  50  minutes, 
another  40  ml  of  concentrated  sulfuric  acid  was  added  and  stirring 
continued.  The  two  layers  were  separated.  The  aqueous  layer  was 
extracted  with  three  100-ml  portions  of  ether  and  then  discarded. 

I 

The  ethereal  solutions  were  combined,  washed  until  neutral,  and 
dried.  The  solvent  was  then  removed  under  vacuum. 

The  residue  was  placed  in  a  flask  with  two  very  small  crystals 
of  iodine  and  heated  at  110-120“C  for  two  hours.  After  cooling, 
the  material  was  dissolved  in  twice  its  volume  of  ether  and  washed 
successively  with  three  100-ml  portions  of  50?^  sodium  thiosulfate 
solution  and  two  100-nil  portions  of  water.  After  drying  and  re¬ 
moval  of  the  solvent,  distillation  gave  50  g  of  a  fraction  boil¬ 
ing  at  7?-78®C/0.25  mm,  n^°  I.5069.  VPC  gave  the  following 
analysis: 


Component 

1 

2 

5 

4 

5 

6 


Retention  Time,  min.  kvea-% 

2,5  0.2' 

^  3.0  9.4 

3.9  80.9 

'1.6  2.9 

5.3  2.7 

7.4  0.5 

9.1  3.3 
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Component  3  was  shown  by  infrared  to  be  the  termlna].  olefin,  2- 
phenyl-3-methyloctene-l.  Component  2  was  assumed  to  be  one  of  the 
cls-trana  isomers  of  the  desired  internal  olefin,  2-phenyl -3- 
methyloctene-2.  The  other  Isomer  could  be  component  4  or  a  part 
of  3. 

b.  Attempted  Synthesis  via  a  Phosphonate  Carbanion  A  500- 
ml  reaction  flask  was  charged  with  36.3  g  (0.15  mole)  of  pure  di¬ 
ethyl  l-phenylethylphosphonate,  17.1  g  (0.15  mole)  of  redistilled 
2-heptanone,  and  7.0  g  of  51. 8$^  sodium  hydride  (0.15  mole  NaH)  in 
100  ml  of  anhydrous  1,2-dlmethoxyethane  and  heating  was  initiated. 
At  70“C  vigorous  evolution  of  hydrogen  started.  The  temperature 
was  kept  below  85®C  until  hydrogen  evolution  was  over.  By  this 
time,  a  yellow  precipitate  had  formed.  The  mixture  was  then 
heated  at  reflux  for  8o  minutes.  After  cooling  the  mixture  to 
room  temperature,  300  ml  of  water  was  added,  slowly  at  first  and 
then  rapidly.  The  resulting  mixture  was  extracted  with  three 
150-ml  portions  of  ether.  The  ethereal  solutions  were  combined 
and  washed  with  water  until  neutral  and  dried  over  anhydrous 
magheslum  sulfate.  After  filtration  and  removal  of  the  solvent, 

33  g  of  pale  amber  residue  was  obtained.  Distillation  gave; 


Cut 

bp,  “C/mm 

Weight,  g 

nao 

JD _ 

1- 

up  to  82/0.26 

1 

2 

83-88/0 . 25 

6.4 

1.4675 

3 

92-110/0.2 

5.4 

1.4765 

•4 

115-160/0.2 

small 

1.4755 

5 

residue 

large 

- 

It  was  felt  that  only  cuts  2  and/or  3  could  be  the  desired  olefin. 
Combination  and  distillation  of  2  and  3  failed  to  yield  a  constant- 
boiling  material.  In  addition,  the  refractive  indices  are  too 
low  to  be  the  desired  product . 

This  procedure  was  followed  in  a  second  run  without  success. 

In  a  third  run,  dlglyme  was  used  as  solvent  In  order  to  obtain 
a  higher  reflux  temnerature  but  the  results  were  still  the  same. 

44 .  Quaternary  Phosphonlum  Bromide  Preparation,  General  Procedure 

A  500-ml,  round-bottomed  flask  equipped  with  a  stirrer, 
thermometer,  condenser  with  drying  tube,  and  a  nitrogen  Inlet, 
was  charged  with  the  desired  amount  of  tertiary  phosphine  (usually 
0.25  mole)  and  a  slight  excess  (3  to  5)^)  of  2-bromoheptane .  The 
mixture  was  then  heated  with  stirring  to  the  desired  temperature 
range  by  means  of  an  oil  bath.  The  course  of  the  reaction  was 
followed  by  the  formation  of  a  second  lower  layer  of  phosphonlum 
bromide.  Heating  was  discontinued  when  the  upper  layer  had  essen¬ 
tially  disappeared  or  the  desired  length  of  time  had  elapsed. 

The  extent  of  reaction  and  of  dehydrobrominatlon  was  determined  by 
removing  the  unreacted  2-bromoheptane  and  the  heptene-1  and  -2  by 
Jlistlllation  at  reduced  pressure  (ca  1.0  mm).  The  mixture  of 
volatile  materials  obtained  was  then  analyzed  by  VPC. 


^5.  Resorcylatlon,  General  Procedures^ 

a..  !iyp-Plask  Method  A  three -necked,  2-llter  flask 
(flask  A)  was  equipped  with  stirrer,  Dry  Ice  condenser  topped  with 
a  soda  lime  tube  and  dropping  funnel.  A  second  one-liter  flask 
fitted  with  a  stopcock  in  the  bottom  (flask  B)  was  arranged  so 
that  the  stopcock  could  feed  directly  Into  flask  A.  Sufficient 
Bodamlde  was  prepared  In  flask  A  to  convert  the  butanone  to  Its 
carbanlon.  Excess  sodamlde  (cf .  Table  V,  section  II.  p.  2) ’ 
was  prepared  In  flask  B.  The  butanone  was  added  dropwlse  to  the 
sodamlde-llquld  ammonia  In  flask  A  over  a  15-mlnute  period.  The 
mixture  was  stirred  an  additional  I5  minutes  to  insure  conversion 
of  the  ketone  to  Its  sodium  derivative.  l-Halo-2,4-dlmethoxy- 
benzene  was  then  added  dropwlse  as  rapidly  as  liquid  ammonia 
reflux  would  permit.  Excess  sodamlde-liquld  ammonia  was- run 
into  flask  A  from  flask  B  over  a  20-50  minute  period.  The  mix¬ 
ture  was  then  stirred  for  the  appropriate  reaction  time,  followed 
by  the  addition  of  excess  solid  ammonium  chloride.  Ether,  2!50  ml, 
was  added,  and  the  ammonia  allowed  to  boll  off.  The  residue 
was  poured  onto  a  small  quantity  of  cracked  Ice,  and  acldlfied- 
by  the  addition  of  concentrated  hydrochloric  acid.  The  acidic 
mixture  was  extracted  thoroughly  with  ether  (extract  I),  the 
extract  was  washed  with  water  and  dried  over  sodium  sulfate. 
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The  remaining  acidic  aqueous  phase  was  made  basic  by  addition  of 
solid  sodium  carbonate.  This  basic  mixture  was  thoroughly  ex- 
tracted  with  ether  (extract  II),  the  extract  washed  with  water, 

•and  dried  over  sodium  sulfate. 

Ether  was  removed  from  extract  I,  and  the  residue  distilled 
to  yield  butanone  and  its  blmolecular  condensation  products,  un¬ 
reacted  l-halo-2,4-dlmethoxybenzene,  and  higher-boiling  cuts  that 
contain  varying  amounts  of  the  desired  5-(5»5-dlmethoxyphenyl)- 
butanone-2  contaminated  with  3,5-dlmethoxyanlllne.  The  desired 
ketone  never  formed  in  appreciable  amounts;  it  was  found  in  high¬ 
est  concentration  in  pot  residues. 

Ether  was  then  removed  from  extract  II j  the  residue  was 
chiefly  3,5-dlmethoxyanlllne. 

b.  One-Flask  Method  This  procedure  was  essentially 
the  same  as  the  two-flask  method,  except  that  required  sodamlde 
was  prepared  all  at  once  in  the  same  flask  in  which  subsequent 
reaction  was  to  take  place. 

c ,  Isolation  and  Characterization  of  3-(?»5“PimethDxy- 
pheiiyl ) butanone -2  The  pot  residue  that  remained  after  the 

distillation  of  the  residue  from  extract  I,  experiment  No.  3,{Table.V) 
was  treated  with  semlcarbazlde  hydrochloride  according  to  the 
method  of  Shrlner  and  Puson^^^^ .  Crude  semlcarbazone  was  ob¬ 
tained  which  was  recrystalllzed  from  aqueous  ethanol,  to  yield 
tiny  white  needles,  mp  176-178"C.  The  infrared  spectrum  of  this 
semlcarbazone  was  consistent  with  the  desired  structure,  showing 
l»5»5-8ub8tltutlon,  methoxyl  absorption  and  semlcarbazone  functions. 
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Elemental  analysis;  calc,  for  CisH^gOaNa:  C,  58.8;  H,  7.2; 

N,  15.8;  found:  C,  58.4;  H,  7-4;  N,  15.9. 

''  II 

Since  two  ketones  were  possible,  CHaCCHgCHa  and  HaCCHCCHg, 

A  A 

MeO  OMe  MeO  OMe 


it  was  necessary  to  show  that  the  ketone  from  which  the  Semi- 
carbasone  was  made  was  in  fact  a  methyl  ketone.  A  small  portion 
of  the  semlcarbazone  was  treated  with  dilute  hydrochloric  acid  to 
regenerate  the  original  ketone.  The  hydrolysate  was  extracted 
with  ether  and  the  ether  was  then  removed  to  provide  several  mg 
of  ketone,  A  small  portion  was  submitted  for  infrared  spectrum. 

The  spectrum  was  consistent  with  the  desired  product.  An  iodo¬ 
form  test  was  run  on  another  portion  of  the  ketone  and  found  to 
be  positive  Indicating  the  existence  of  a  methyl  ketone.  The 
ketone  melted  from  58-60®C;  reported(l),  ^jp  68.5"C.  VPC  demon¬ 
strated  that  this  same  ketone  was  formed  in  experiments  1,  4,  5 
and  6,  in  addition  to  experiment  5. 

d.  Use  of  Digylme  Solvent  Sodamlde  ('1.25  moles)  was  prepared  in 
liquid  affimonia  according  to  the  usual  procedure.  Dlglyme  previously 
refluxed  over  and  distilled  from  calcium  hydride,  250  ml,  was  added 
and  the  liquid  ammonia  allowed  to  evaporate.  Butanone  (54.2  g, 

0.75  mole)  was  added  dropwise  over  a  10  minute  period,  followed  by 
the  addition  of  l-chloro-2,4-dimethoxybenzene  (43.2  g,  0.25  mole). 

The  mixture  was  stirred  for  30  minutes,  then  quenched  by  the  addition 
of  excess  solid  ammonium  chloride  (71.?  E>  1.53  moles).  The 


reaction  mixture  was  poured  over  cracked  ice,  and  acidified  with 
concentrated  hydrochloric  acid.  The  acidic  mixture  was  extracted 
thoroughly  with  ether  (extract  l),  the  extract  washed  with  water  and 
dried  over  sodium  sulfate.  The  remaining  acidic  aqueous  phase  was 
made  basic  by  the  addition  of  solid  sodium  carbonate.  This  basic 
mixture  was  thoroughly  extracted  with  ether  (extract  II ),  the  extract 
washed  with  water  and  dried  over  sodium  sulfate. 

Ether  was  removed  from  extract  I,  and  the  residue  fractionated 
under  reduced  pressure.  The  desired  3-{3>5-dlmethoxyphenyl)butanone-2 
was  formed  in  only  yield  (determined  by  VPC),  5»5-dimethoxyanlline 
was  absent,  and  71^  of  the  starting  halide  was  recovered.  In  addition 
to  the  desired  ketone,  apparently  two  other  ketones  were  formed  in 
trace  amounts.  Infrared  spectra  indicated  these  to  be  l-(5,5- 
dimethoxyphenyl)butanone-2  and  either  l-(2,4-dlmethoxyphenyl)- 
butanone-2,  or  3-(2,4-dlmethoxyphenyl)butanone-?. 

Ether  was  removed  from  extract  ll;  the  residue  was  mainly 
dlglym.e. 

e.  Use  of  Lithium  Alkyl  Amides  A  2000  ml  three-necked  flask  was 
equipped  with  stirrer,  condenser  topped  with  drying  tube,  dry 
nitrogen  Inlet  and  500  ml  pressure-equalizing  dropping  funnel  topped 
with  a  syringe  cap.  The  reaction  system  was  flamed  out  and  allowed  to 
cool  under  a  stream  of  dry  nitrogen.  The  flask-was  then  charged  with 
500  ml  of  anhydrous  other  and  dlbutylamlne  (72.4  g,  O.56  mole). 
Butylllthlum  (32.0  g,  O.5O  mole)  In  hydrocarbon  solvent  (supplied 
by  the  Foote  Mineral  Company  as  a  14,9  wt  %  solution)  was  Introduced 
into  the  dropping  funnel  by  means  of  a  hypodermic  syringe,  Dropwlse 
addition  of  the  butylllthlum  solution  required  1.2  hours,  Butanone 
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(l8.0  g,  0.25  mole)  waa  then  added,  followed  by  the  addition  of  1- 
chloro-2,4-dimethoxybenzene  (43.2  g,  0.25  mole).  The  mixture  was 
refluxed  for  3.7  houra,  then  cooled  to  room  temperature  and  hydrolyzed 
by  the  cautious  addition  of  200  ml  of  water.  The  mixture  was 
acidified  with  hydrochloric  acid  and  thoroughly  extracted  with  ether 
(extract  l).  The  residual  aqueous  phase  was  then  made  basic  and  again 
extracted  with  ether  (extract  II).  Both  extracts  were  dried  and 
distilled.  Instrumental  evaluation,  including  VPC  and  Infrared, 
Indicated  the  following  to  be  among  the  reaction  products  recovered 
from  extract  I:  unreacted  l-chloro-2,4-dimethoxy benzene  (4l^  yield), 
the  desired  ketone  l3-(5,5-dimethoxyphenyl)butanone-2)  together  with 
three  Isomeric  ketones  (5)^  total  yield),  a  trace  of  what  appeared  to 
be  2,2’ ,4,4'-tetramethoxyblphenyl  (coupling  product),  and  the  major 
reaction  product,  apparently  3,5-dlmethoxy-N,N-dlbutylanlllne  (44^5 
yield) .  This  latter  product  is  not  a  known  compound,*  it  was  Isolated 
in  excellent  purity  as  a  brilliant  pale  yellow  liquid:  bp  159-l40‘’C/ 
0.70  mm,  no°  I.5233.  Anal.  Calc,  for  CieHsrOaN:  C,  72.4;  H,  10.3; 

N,  5.5.  Found;  C,  72.1;  H,  10. 3,’  N,  50.  Dibutylamlne  was  recovered 
from  extract  II. 

B.  SYNTHESIS  OF  2-(3.5-DIHYDROXYPHENYL)-3.4-DIMETHYLOCTANE  (II) 
Compounds  arjs  arx-anged  in  alphabetical  order. 

1 .  2- ( 3i 5-Dihydroxyphenyl) -3. 4-dimethyloctane  ( II) 

2-(3>5-Elmethox.yphenyl)-3, 4-dimethyloctane  was  cleaved  using  the 
procedure  described  in  section  IV.A.I9  and  the  follov/lng  quantities; 
crude  2-(3,5-dlmethoxyphenyl)-3,4-dlmethyloctane,  I8.9  g  (O.O68  mole); 
48$^  hydrobromic  acid,  58  ml,*  and  glacial  acetic  acid,  18C  ml. 
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Removal  of  the  solvent  from  the  ether  extracts  resulted  In  16.9  g 
of  higher-boiling  material,  which  was  distilled.  VPC  of  the  distillate 
showed  5.6  area-5^  low  boilers,  23. 1  area-^  of  what  was  assumed  to  be 
the  monomethoxy  compound,  and  71.4  area-%  of  the  desired  resorcinol. 

It  was  therefore  necessary  to  recycle  the  mixed  cleavage  pro¬ 
ducts.  The  desired  product  was  finally  isolated,*  7.9  g,  bp  l60-16l“C/ 
0.3  mm. 

Anal,  for  CieHaeOz:  Cald.  C,  76.75,'  H,  10.4?.  Found:  C.  76.2; 

H,  10.3. 

I-he  VPC  of  the  product.  Figure  5,  showed  a  principal  component 
at  a  retention  time  of  4.8  min,  96.9  area-jt,  with  other  components 
totalling  3.1  area-^  poorly  resolved  at  retention  times  of  about 
3*0  min.  The  VPC  was  determined  on  an  Aerograph  Model  A- 350,  6  ft 
15^  Apiezon  L  on  3O-6O  mesh  Chromosorb  W,  265‘’C,  100  cc  He/min. 

The  infrared  spectrum  of  II,  Figure  6,  Is  consistent  with  the 
structure  and  free  of  absorptions  attributable  to  the  ir.onohydroxymono- 
methoxy  intermediate. 

2.  2-  ( 3, 5-Dlniethoxybenzoyl )  -  3-methylhepbane 

3,5-Dlmethoxyphenylmagne5ium  chloride  was  prepared  In  the  usual 
manner  from  9.5  g  (0.43  g-atom)  of  magnesium  and  69. 1  g  (0.4  mole)  of' 
l-chloro-3,5-dimethoxybenzene  using  as  solvent  86.5  g  (1.2  moles)  of 
anhydrous  tetrahydrofuran  containing  a  small  crystal  of  iodine.  It  was 
then  reacted  with  59.9  B  (0.43  mole)  of  2,5-dimethylheptanonltrlle  and, 
after  hydrolysis,  distillation  gave  58.8  g  of  2-(3,5-dlmethoxybenzoyl)- 
3-methylheptane,  bp  138-142 ”0/0. 25  mm,  ca  90  area-^  pure  by  VFC.  Exact 
purity  could  not  be  determined  by  VPC  due  to  the  presence  of  dlastere- 
omers.  The  yield  was  50^. 
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5*  2-  ( 3i  5-Diniethoxyphenyl)  4-dlmethyloctane 

A  one-liter  autoclave  was  charged  with  20  g  of  2-(  3, 5-dlmethoxy- 
phenyl)-3,4-dlmethyloctene-l,  100  ml  of  hexane,  2  g  of  655^  nickel-on- 
kieselguhr  (Olrdler  G-49A),  and  3000  pslg  of  hydrogen.  It  was  heated 
at  l^O^C  for  six  hours,  the  mixture  filtered  from  the  spent  catalyst, 
and  the  solvent  removed  to  leave  a  residue  that  was  not  completely 
reduced.  The  procedure  was  repeated,  using  4  g  of  catalyst.  Complete¬ 
ness  of  reduction  Was  verified  by  the  use  of  ultraviolet,  infrared 
and  VPU  analysis.  No  further  purification  was  required. 

4 .  2-(3.5-Diwiethoxyphenyl)-3,4-dlmethyloctene-l  via  the  Wlttlg  Reaction 
A  500  ml  flask  equipped  as  usual  was  charged  with  64.2  g  (0.I8 
mole)  of  methyl  trlphenylphosphonlum  bromide  (Aldrich)  in  130  ml  of 
dry  benzene.  Then  104  ml  of  14.9?(?  (by  wt.)  of  butyl  lithium  solution 
(Poote  Mineral  Co.,  active  contents  11.6  g,  0.I8  mole)  was  added  drop- 
wise  in  75  minutes  at  28-52'’C.  The  color  changed  from  white  to  deep 
orange.  The  resulting  mixture  warj  heated  to  GC’C  and  cooled.  A 
solution  of  49  E  (0.176  mole)  of  P-( 3, 9-dlmethoxybenzoyl) -3-methyl- 
heptane  in  40  ml  of  dry  benzene  was  added,  keeping  the  temperature 
below  40‘’C.  The  mixture  was  heated  at  reflux  for  two  hours,  cooled, 
and  filtered  to  remove  the  trlphenylphosphine  oxide.  .After  removal 
of  the  solvent,  distillation  gave;  2  g,  bp  up  to  12'3"G/0.33  mm;  21.3  S) 
bp  126-128‘’C/0.35-0.41  mm;  and  9.?  (l,  hp  128- 129 "0/0.4  mm. 

Instrumental  analysis  disclosed  that  all  three  cuts  were  the 
desired  product  contaminated  with  small,  varying  amounts  of  the  start¬ 
ing  ketone.  This  was  removed  by  careful  fractionation  after  reduction. 
The  yield  by  VPC  was  55^ • 
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5.  2-(3»5-Piraethoxyphenyl)-3,4-dlmethyloctenes-l  and  -2 

The  previously  described  l>-(5,5-dimethoxybenzoyl)-3-meLhylheptane, 
58.8  g,  ca  90  area-56  pure,  was  reacted  with  85.5  ml  of  a  5M  methyl- 
magnesium  bromide  solution  in  diethyl  ether  (Arapahoe).  After  hydrolysis 
distillation  gave  two  main  fractions;  10  g,  bp  139®C/0.24  mm  and  22.6  g, 
bp  159-140”C/0.25  mm.  These  fractions  were  not  subjected  to  an  ana¬ 
lytical  study  but  instead  were  dehydrated  using  iodine  as  described  in 
section  TV. A. 29. b.  Distillation  resulted  in  the  isolation  of  20.4  g  of 
2-(5,,5-dimethoxyphenyl)-5,4-dimethyloctene3-l  and  -2,  bp  117-ll8°C/ 

0.2  mm.  The  mixture  showed  four  major  components  on  the  VPC.  These 
were  assumed  to  be  the  cls-trans  isomers  of  the  2-octene  and  the  ex¬ 
pected  two  pairs  of  diastereomers  of  the  1-octene. 

6.  2 , 3-Dlmethylheptanonltrlle 

Following  the  procedure  described  in  section  IV. A. 57  for  the 
alkylation  of  nitriles,  82.6  g  (1.5  moles)  of  propionitrile  was 
reacted  with  220.1  g  (1.53  moles)  of  2-bromohexane  using  a  sodamide 
solution  prepared  from  54.5  (1.5  g-atom)  of  sodium  in  1200  ml  of 

liquid  ammonia  as  the  base.  Distillation  resulted  in  the  isolation  of 
22.5  g  of  unreacted  ?-bromohcxane  and  88.1' g  of  2,5-dimethylheptano- 
nitrlle,  bp  59*C/5.0  mm,_  97.1  area-^  pure  by  VPC.  The  total  yield 
was  5756  (by  VPC) . 

C.  SYNTHESIS  OF  2-(  5.5-DIIIYDriOyvPHENYL)-3.5-DIMETHYLOGTANE  (IV) 

Compounds  are  arranged  in  alphabetical  order. 

1 .  2-(5.5-Dlhydroxyphenyl)-5, 5-dlmethyloctane  (IV) 

2-(5, 5-Dihydroxyphenyl)-3,5-dlmcthyloctane  was  cleaved  using 
the  procedure  described  in  section  IV.A.19  and  the  following  quantities: 
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2-( 3> 5-<Jlniethoxyphenyl)-3, 5-diniethyloctane,  98.7  g;  hydrobrnmic  acid, 

92  ml;  glacial  acetic  acid,  270  ml. 

Distillation  of  the  final  residue  resulted  in  the  isolation  of  the 

I 

desired  product;  I8.6  g,  bp  154-155® C/0. I8  mm. 

Anal .  for  CioHaaOs:  Calcd:  C,  76.7;  H,  10.4.  Found:  C,  76.9; 

H,  10.4. 

The  VPC  of  the  product,  Figure  7,  showed  a  principal  component 
at  a  retention  time  of  3.9  min,  97.3  area-J^  and  another  component(s) 
at  3*3  inid,  2.7  area-J^.  It  was  determined  on  an  Aerograph  Model 
A-350,  6  ft  10^  i3E-30  methyl  slloxane  polymer  on  3O-6O  mesh  Chromo- 
sorb  P,  235®C,  85  cc  He/min. 

The  infrared  spectrum  of  IV,  Figure  8,  is  consistent  with  the 
structure . 

2.  2- ( 3»  5-Dlmethoxybenzoyl)-2-methylheptane 

3.5-DimethoxyphenylmagneBlum  chloride  was  prepared  in  the  usual 
manner  from  9*5  6  (0.45  g-atom)  of  magnesium  and  69. 1  g  (0.4  mole)  of 
l-chloro-3, 5-d;1niethoxybenzene  using  as  solvent  86.5  F.  (1.2  moles)  of 
anhydrous  tetrahydrofuran  containing  a  small  crystal  of  iodine.  It 
was  then  reacted  with  50-9  g  (0.43  mole)  of  2, 2-dimethylheptanonltrile 
and,  after  hydrolysis,  distillation  gave  57.8  g  (715^  yield)  of  2-(3,5- 
dlmethoxybenzoyl)-2-methylhcptane,  bp  134-136®C/0.19  mm.  in  greater 
than  9O  area-5^  purity. 

3 .  2-(3i5-Dimcthox.vphonyl)-3»3-dimethyloctane 

The  reduction  was  carried  out  as  described  above  in  section 
,IV.B.3,  using  35  g  of  2-( 3»5-dlmethoxyphenyl)-5,5-dlmethyloctene-l, 

100  ml  of  hexane  and  3.5  G  oP  catalyst  for  the  initial  attempt  and  7  g 
for  the  final  reduction.  Completeness  of  reduction  was  verified  by 
infx'ared  and  VPC.  No  f urtl  er  purification  was  required. 
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,  2- 


3-dlmethyloctanol-2 


(3}5-Dimethoxyphenyl)-3, 

2-(3»5-Dlmethoxybenzoyl)-2-methylheptane,  56.3  g  (0.202  mole), 
was  reacted  with  84  ml  of  a  3M  methylmagnesium  bromide  solution  in 
diethyl  ether  (Arapahoe).  After  hydrolysis,  distillation  gave  48  g 
(83^  yield)  of  2-(3>5-dlmethoxyphenyl)-3, 3-dlmethyloctanol-2,  bp 
139-140®C/0.15  mm  which  was  not  further  characterized. 

5.  Attempted  Preparation  of  the  Acetate  of  2-(3. 5-Dimethoxyphenyl)- 
3,  3-dimethylQctanol-2 

Crude  2-(  3,  5-dlmethoxyphenyl)-3, 3-dimethyloctanol-2,  69  g,  pre¬ 
pared  as  indicated  above  but  not  distilled,  was  placed  in  a  flask  with 
400  ml  of  1,2-dimethoxyethane  and  50  g  of  pyridine.  Then  50  g  of 
acetyl  chloride  was  added  dropwlse  without  cooling.  The  reaction 
mixture  was  heated  at  reflux  for  two  hours  and  was  allowed  to  stand 
overnight,  after  which  400  ml  each  of  ether  and  water  were  added. 

The  resulting  two  layers  were  separated  and  the  organic  layer  was 
washed  twice  with  water  and  dried  on  magnesium  sulfate.  After  fil¬ 
tration  and  removal  of  the  solvent,  distillation  was  attempted.  This 
resulted  in  decomposition  as  evidenced  by  continuous  loss  of  vacuum 
and  considerable  fuming.  A  large  amount  of  viscous  residue  was  ob¬ 
tained  together  with  several  small  distillation  cuts,  none  of  which 
had  a  constant  boiling  point. 

6 .  2-(3i5-'1Plmethoxyphehyl)-3,3-dlmethyloctene-l  via  the  Wittlg  Reaction 

The  reaction  was  run  exactly  as  the  example  in  section  IV. B. 4  except 
that  the  following  amounts  were  employed:  methyl  trlphenyl 
phosphonium  bromide  (Aldrich),  89.?  g  (O. 25  mole);  dry  benzene, 

400  ml;  butyl  lithium  solution  (Poote  Mineral  Co.)  143  ml  (16  g, 

0.25  mole);  2- (3, 5-dlmethoxybenzoyl )-2-methylheptane,  6l.lg 

lyo 


(0.22  mole)  In  50  ml  dry  benzene.  Distillation  gave:  I.3  g, 
bp  115-116'’C/0.25  mm;  56.4  g,  bp  117-ll8'’C/0.25  mm;  and  6.5  g, 
bp  ll8-119°C/0 .25  mm.  Cut  1  was  90. 9  area  %  product  and  9  area-56  of 
8  other  components.  Cut  2  was  96  area-^  product  and  5*3  area-56 
starting  ketone.  Cut  3  was  92  area-^  product  and  8.0  area-56  starting 
ketone.  The  yield  by  VPC  was  6856. 

7 .  2-(3i 5-Dimethoxyphenyl)-3t3-dlniethylocteneB  by  Dehydration 

A  44  g  sample  of  2-(3,5-dlmethoxyphenyl)-3, 3-dlmethyloctanol-2 
was  dehydrated  with  iodine  by  the  procedure  described  in  section 
IV.A.29.b.  Distillation  gave  29.4  g  (8056  yield)  of  a  dehydration  pro¬ 
duct,  bp  115.5-116‘’C/0.2  mm.  VPC  Indicated  the  presence  of  two  major 
components,  78.1  area-56  and  20.2  area-56. 

8.  2 , 2-Dlmethylheptanonltrile 

Following  the  usual  procedure  for  alkylation  of  nitriles,  103.7  g 
(1.5  moles)  of  Isobutyronltrlle  were  reacted  with  142.2  g  (1.33  moles) 
of  n-amyl  chloride  using  a  sodamlde  solution  prepared  from  34.5  g 
(1.5  g-atom)  of  sodium  and  1200  ml  of  liquid  ammonia  as  base.  Dis¬ 
tillation  resulted  in  the  isolation  of  85.8  g  of  2,2-dimethylheptano- 
nltrile,  bp  59‘’C/4.0  mm,  97.2  area-56  pure  by  VPC.  The  yield  was  4656. 
D.  PRECURSORS  OF  2-f 3. 5-DIHYDR0XYP,HEKYL)-2.3^DIMETHYL0CTANE  (III). 

.&-DIHYDR0XYPHEm)-2-MEa'HYLREXANB  (Vl),  AND  ^-(3.5-DmYDR0XYPHEN- 
■^yI.-2-METHYLHEPTANE  fVIl) 

Compounds  are  arranged  in  alphabetical  order. 

1.  3.5-Dimethoxyben2yl  Chloride  ida  3>5-Dimethoxybenzyl  Alcohol 
A  2-liter  flask  equipped  as  usual  was  charged  with  I.3  moles 
(49.2  g)  of  lithium  aluminum  hydride  in  1400  ml  of  dry  diethyl  ether 
and  1.4  moles  (294.3  g)  of  ethyl  3,5-dlmethoxybenzoate  were  added 
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(Iropwloe  at  such  a  rate  as  to  maintain  gentle  reflux.  The  time 
of  addition  was  5-5  hours.  In  the  same  itianner  1,4  moles  of  ethyl 
acetate  were  added  to  destroy  the  unreacted  lithium  aluminum 
hydride.  The  semlsolld  reaction  mixture  was  then  hydrolyzed  by 
portion-wise  addition  to  six  liters  of  crushed  Ice  containing  500  ml 
of  concentrated  sulfuric  acid.  The  resulting  two  layers  were 
separated  and  the  aqueous  layer  was  extracted  with  several  portions 
of  ether.  The  ethereal  solutions  were  combined,  washed  until 
neutral,  and  dried  over  magnesium  sulfate.  Filtration  and  removal 
of  the  solvent  resulted  in  the  isolation  of  205.9  g  (88^  yield) 
of  5,5-dlmethoxybenzyl  alcohol  as  fine,  slightly  yellow  needles. 

This  alcohol  was  not  further  purified  but  was  dissolved  In 
600  ml  of  diethyl  ether  containing  15  ml  of  pyridine,  and  2.4  moles 
(288  g)  of  thlonyl  chloride  In  550  ml  of  ether  were  added  dropwlse 
at  reflux  using  cooling  as  required.  When  addition  was  over,  the 
mixture  was  stlrbed  for  0.5  hour  and  then  one  liter  of  water 
was  added  cautiously.  The  ethereal  layer  was  washed  until  essen¬ 
tially  neutral  and  then  dried  over  magnesium  sulfate.  After 
filtration  and  removal  of  the  solvent  distillation  gave  I8I  g 
(805^  yield)  of  5,5-dlmethoxybenzyl  chloride,  bp  101-102*0/ 

0.55  mm.  The  product  solidified  on  standing. 

2.  5.5-Dlmethoxybenzyl  Cyanide  ' 

A  flask  was  charged  with  169  g  {0.906  moles)  of  5, 5-dlraethoxy- 
benzyl  chloride,  75.5  E  (1.5  moles)  of  sodium  cyanide,  600  ml  of  95J^ 
ethanol  and  250  ml  of  water.  The  mixture  was  then  refluxed  for  eighteen 
hours.  The  mixture  was  then  partitioned  between  500  ml  of  water  and  one 
liter  of  ether.  The  ethereal  layer  was  separated,  washed,  and  dried. 


After  filtration  and  removal  of  the  solvent,  150.8  g  (95-5/^  yield) 

of  slightly  yellow  product  were  obtained.  The  prodnnt  was  purified 
by  distillation  to  yield  colorless  3,5-dlmethoxybenzyl  cyanide, 
bp  122-12*1  “C/0. 5-0. 6  mm. 

3.  Attempted  Preparation  of  2-(5.5-Dlmethoxyphen.vl)-2-methylheptane 
by  Wolff-Klshner  Reduction 

A  dry,  three-necked,  500-ml  flask  was  equipped  with  glass 
stirrer,  thermometer,  dropping  funnel,  dry  nitrogen  inlet  and  an 
efficient  reflux  condenser  topped  with  a  drying  tube.  The  flask  was 
charged  with  2.8  g  of  sodium  and  1*10  ml  of  freshly  distilled  dlethylene 
glycol.  This  mlxtu.'o  was  heated  under  dry  nitrogen  to  180“C.  An¬ 
hydrous  hydrazine,  11.1  g  (0.346  mole),  was  combined  with  5  g  of 
sodium  hydroxide  pellets  in  a  separate  flask.  The  hydrazine  was  re¬ 
fluxed  over  the  sodium  hydroxide  for  30  minutes,  then  distilled 

t 

directly  into  the  dropping  funnel  attached  to  the  flask  containing 
the  dlethylene  glycol-sodium  mixture.  Rigid  precautions  were  taken 
to  exclude  air  and  moisture  from  the  entire  reaction  system.  The 
hydrajilne  was  added  to  the  dlethylene  glycol-sodium  mixture  over  a 
10-minute  period.  The  mixture  was  cooled  to  room  temperature,  and 
2-(3» 5-dlmothoxyphenyl)-2-methylheptanone-3  (14.8  g,  O.056  mole)  was 
rapidly  added.  The- mixture  was  refluxed  overnight  and  cooled  to  room 
temperature.  The  reflux  condenser  was  replaced  with  a  simple  distilla¬ 
tion  assembly,  and  excess  hydrazine  was  distilled  out  of  the  system 
until  the  pot  temperature  rose  to  210”C.  The  mixture  was  refluxed 
at  this  temperature  for  24  hours,  then  cooled  and  poured  onto  a 
mixture  of  cracked  ice  and  water.  A  brittle  orange  solid  adhered  to  the 
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walls  oi‘  the  reaction  flask  and  was  Insoluble  In  water,  benzene,  and 
ether.  The  mixture  was  extracted  with  benzene,  and  the  benzene  ex- 
tx’acb  thoroughly  washed  with  water  and  dried  over  sodium  sulfate. 
Solvent  was  removed  under  reduced  pressure  leaving  7-8  g  of  a  brown 
oily  residue.  This  was  fractionated  under  reduced  pressure  and, 
after  collecting  a  small  foreun,  yielded  an  amber,  viscous  liquid, 
bp  158-i4i°C/0.4o  mm;  n^°  1.5252.  Instrumental  evaluation  indicated 
that  this  liquid  was  not  the  expected  product,  but  was  2- ( 3, 5-dihydroxy 
phenyl )-heptanone-3.  VPC  Indicated  that  this  product  of  ether  cleavage 
had  been  produced  in  295^  yield. 

4.  2- ( 3. 5-Dimethoxyphenyl ) -2-methylheptanone- 3 

This  procedure  is  essentially  that  used  by  Adams,  MacKenzie  and 
Tx)ewe{8)  to  prepare  2 '(3>5-dlmethoxyphenyl)-2-niethylpentanone-3  and 
2- ( 3, 5-dlmethoxyphenyl ) -2-methyioctanone-3  from  2- ( 3, 5-dlniethoxyphenyl ) 
2-methylproplonltrlle  and  the  appropriate  Grlgnai’d  reagent. 

A  one-liter  flask  was  equipped  with  stirrer,  dropping  funnel, 
dry  nitrogen  inlet,  thermometer  and  condenser  topped _wlth  drying  tube. 
The  system  was  flamed  out  and  allowed  to  cool  under'a  stream  of  dry 
nitrogen.  The  flask  was  charged  with  102  ml  of  3M  butylmagneslum 
chloride  solution  in  ether  (0.306  mole )*(  Arapahoe ) .  2-(3, 5-I^lniethoxy- 

phenyl)-2-methylproplonltrllc,  21  g  (0.102  mole),  dissolved  in  100  ml 
of  dry  ether,  was  added  dropwise  over  a  period  of  30  minutes .  The 
bulk  of  the  ether  was  removed  from  the  system  by  distillation,  being 
simultaneously  replaced  with  250  ml  of  dry  benzene.  The  mixture  was 
refluxed  for  48  hours,  cooled  in  an  ice  bath,  and  108  ml  of  5N  sul¬ 
furic  acid  was  cautiously  added,  The  bulk  of  the  benzene  was  removed 


from  the  hydrolysate  by  distillation.  The  dark  brown  residue,  con- 
Blstlng  of  intermediate  Imine  and  sulfuric  acid,  was  heated  on  a 
steam  bath  for  2  hours  to  promote  the  conversion  of  imine  to  desired 
ketone.  The  mixture  was  diluted  with  200  ml  of  water  and  thoroughly 
extracted  with  ether.  The  ether  extracts  were  combined  and  washed 
with  water,  and  finally  dried  over  sodium  sulfate.  Solvent  was  re¬ 
moved  under  reduced  pressure  leaving  26.9  g  of  a  syrupy  residue, 
which  was  distilled  to  provide  the  following  cuts: 


cut  no. 

bp,  “C/0.65  nun 

wt,  g 

area-^  desired 
ketone,  VPC 

1 

to  118 

1.4967 

2.2 

20 

2 

117-119 

1.5096 

8.2 

87 

3 

119-120 

1.5095 

4.3 

94 

4 

120-122 

1.5114 

2.8 

99 

5 

122-130 

1.5135 

1.7 

88 

pot  residue 

3.4 

In  addition 

to  expected  bands. 

the  infrared  spectrum  of  the  purest 

cut  (cut  4) 

exhibited  a  weak  abaorptlon 

band  in 

the  N-H  (0-H)  region 

indicating  the  presence  of  traces  of  either  intermediate  imine  or 
the  Qrlgnard  reduction  product  of  the  desired  ketone  (viz . ,  the 
corresponding  carblnol).  The  yield  of  2-(5, 5-dlmethoxyphenyl)-2- 
,methylheptanone-  3  (based  on  VPC  and  disregarding  pot  residue)  was 
59$^.  This  is  a  new  compound. 

Anal .  for  CiaHs^Og:  Calc.  C,  72.7,'  H,  9.2;  Pound:  C,  75.1,’ 
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H,  9.3. 


'5.  i?-(3.5-Dimethoxyphenyl)-2-methylproplonlt;rlle 

a.  From  3^ 5-Dlmethoxybenzyl  Cyanide,  First  Experiment  Sodamide 
was  prepared  In  the  usual  manner  from  sodium  (l4,0  g,  O.608  g-atom) ; 
liquid  ammonia,  800  ml;  and  0.  3  g  of  ferric  nitrate  nonahydrate. 

About  two-thirds  of  the  ammonia  was  allowed  to  boll  off,  then  8OO  ml  of 
anhydrous  ether  was  added  and  the  mixture  stirred  until  the  bulk  of  the 
ammonia  had  been  displaced.  Dry  nitrogen  was  circulated  through  the 
system  during  subsequent  reaction.  3, 5-t)lmethoxybenzyl  cyanide  (100  g, 
0.564  mole)  slurried  in  550  ml  of  dry  ether  was  rapidly  added  and  the 
mixture  refluxed  for  I8  hours.  The  mixture  was  cooled  to  room  temperature 
and  freshly  distilled  methyl  iodide  (99.9  g,  0.704  mole)  added 
dropwlse  over  a  20  minute  period.  The  mixture  was  refluxed  for  2  hours, 
again  cooled  to  room  temperature  and  200  ml  of  absolute  ethanol  added. 

The  clear  orange  organic  phase  was  decanted  from  the  solid  material 
present  and  washed  thoroughly  with  water,  the  washings  being  added 
to  the  residual  solids  in  the  reaction  flask.  This  aqueous  solu¬ 
tion  was  then  extracted  with  ether,  the  ether  extract  washed  with 
water  then  combined  with  the  original  organic  phase.  The  dried 
extract  was  concentrated  under  reduced  pressure.  The  orange  oily 
residue  weighed  103  g.  This  orange  oil  was  dissolved  in  25O  ml  of 
dry  benzene,  then  about  200  ml  of  the  benzene  was  removed  by  dis¬ 
tillation  at  atmospheric  pressure  in  order  to  azeotrope  out  any 

residual  water  present  in  the  orange  oil.  The  residue  was  again  sub- 

♦ 

Jected  to  methylatlon  using  the  same  procedure.  There  was  obtained 
,107  g  of  crude  reaction  product.  This  was  fractionated  under 
reduced  pressure  to  provide  three  cuts: 


bp,  press,  go  Composition  In  area-5^,  by  VPC 


wt,  p; 

mm 

nn  . 

monomethyl 

-  - - 

dimethyl 

5. a 

74-127 

0.45 

1.5137 

3.8 

40.8 

64.5 

124-5.5 

0.35 

1.5196 

12.7 

85 

19.6 

127-9 

0.30 

1.5207 

22.7 

75.8 

7.9 

pot  residue 

The  Infrared  spectrum  of  the  pot  residue  exhibited  N-H  ab¬ 
sorption.  The  distinction  between  the  mono-  and  dlmethylated 
dlmethoxybenzyl  cyanides  was  made  by  trapping  the  Individual  com¬ 
ponents  by  VFC  and  determining  their  infrared  spectra.  The  starting 
material,  3,5-dlmcthoxybenzyl  cyanide,  had  an  average  retention  time 
of  9.9  min;  the  monomethylated  nitrile  9.I  min,  and  the  dlmethylated 
nitrile  0.1  min.  The  component  having  the  lowest  retention  time, 

8.1  rain,  had  an  Infrared  spectrum  which  differed  from  the  spectrum 
of  the  9.1  min  component  by  exhibiting  stronger  2963  cm“^  absorption 
(C-H  stretching)  and  also  exhibited  absorption  at  I387  and  1366  cm“^, 
characteristic  of  -C(CH3)a.  The  9*1  min  component  showed  only 
weak  1377  cm“^  absorption,  characteristic  of  -C-CHa  absorption. 

Based  on  Infrared  spectra  It  would  appear  then  that  the  major 
reaction  product  was  the  desired  one.  The  yields  of  respective 
products,  based  on  VPC,  were  62^1^  and  12^  for  the  dl-  and  mono- 
methylated  nitriles. 

Since  the  dl-  and  monomethylated  nitriles  could  not  be  separated 


by  distillation  It  was  necessary  to  recycle  the  mixture.  The 
remainder  of  the  two  best  distillation  cuts  (61.9  g  of  the  second 


fraction  and  I5.6  g  of  the  third  fraction)  were  combined  and 
again  treated  with  methyl  Iodide  (a  large  excess:  15O  g,  I.O63 
moles)  after  preliminary  treatment  with  O.6O8  mole  of  sodamide.  Dis¬ 
tillation  of  the  crude  reaction  product  provided  four  cuts; 


wt.  g 

bp.  “C_ 

press, 

mm 

bp 

Composition 
area-jt,  VPC 
dimethyl 

2.7 

87-121.5 

0.75 

1.5116 

0.8 

2.5 

126.5-41.5 

0.80 

1.5158 

40.8 

29.0 

141.5-2 

0.80 

1.5202 

98.3 

3.3 

144-6.5 

0.80 

1.5238 

95.6 

7.9 

pot  residue. 

viscous  tar 

An  elemental  analysis  was  obtained  for  the  29. 0  g  fraction, 
the  purest  sample  of  2-(3,5-dlmethoxyphenyl)-2-methylproplonltrlle . 
Calculated,  for  CiaHisOaN;  C,  70.2;  H,  7.4;  N,  6.8.  Pounds 
C,  70.4;  H,  7.4;  N,  6.9. 

b.  Second  experiment  The  procedure  of  the  first  experiment 
was  used,  with  the  following  modifications;  The  concentration  of 
reactants  was  varied.  5,5-Dimethoxybenzyl  cyanide  {115.2  g, 

0.639  mole)  was  treated  with  0.703  mole  of  sodamide,  then  sub¬ 
sequently  with  methyl  iodide  (136.I  g,  O.959  mole).  The  reflux 
period,  after  the  methyl  Iodide  addition,  was  Increased  from  two  to 
three  hours.  After  work-up  and  isolation  of  the  crude  reaction 
product,  it  was  again  subjected  to  the  methylation  procedure  Just 
described.  Removal  of  solvent  left  128.4  g  of  a  red-amber  oil 
which  was  fractionated  through  a  short,  glass  helix-packed  column 
to  give  the  following  distillation  cuts: 


Composition  In  area-^,  VPC 


wt,  g 

bp,  “0/0.70  mm 

"D 

m'oTfoWethyl 

dimethyl- 

9.8 

86-118 

1.5051 

8.7 

48. g 

50.8 

118.5-20.5 

1.5201 

18.1 

78.1 

40.4 

121-4.5 

1.5204 

22.9 

77.1 

13.5 

124-5 

1.5213 

33.1 

66.4 

3.3 

125-7.5 

1 .5225 

52.1 

46.9 

20.2 

pot  residue. 

viscous  tar 

Based  on  the  VPC,  the  yields  of  the  tvio  nitriles  would  be  5^5^ 
of  the  dimethylated  nitrile  and  18?^  of  the  rnonomethylated  nitrile. 


c.  Attempted  Preparation  from  Isobutyronitrlle  Sodamlde 
was  prepared  in  the  usual  manner  from  sodium  (23.0  g,  1.0  g-atom), 
ferric  nitrate  nonahydrate  (0.3  g)  and  800  ml  of  liquid  ammonia.  Iso- 
butyronitrllc  (34.6  g,  0.5  mole)  was  then  added  over  a  10  minute  period, 
followed  by  stirring  for  15  minutes.  ■  l-Chloro-2,4-dimethoxyben2ene 
(43.2  g,  0.25  mole)  was  then  added  over  a  10  minute  period,  followed  by 
stirring  for  22  minutes.  The  reaction  was  quenched  by  the  addition  of 
solid  ammonium  chloride  (66.9  g,  1.25  moles).  The  mixture  was  then 
poured  onto  cracked  Ice  and  acidified  with  concentrated  hydrochloric 
acid,  and  extracted  thoroughly  with  ether  (extract  I),  The  residual 
acidic  aqueous  phase  was  made  basic  by  the  addition  of  solid  sodium 
carbonate,  and  again  extracted  with  ether  (extract  ll) .  Both  extracts 
were  dried  over  sodium  sulfate.  After  removal  of  solvent  under  reduced 
pressure  extract  I  loft  a  residue  of  28.6  g,  and  extract  II  a  residue 
of  12.6  g.  The  residue  from  extract  I  was  fractionated  under  reduced 
pressure  to  provide  a  scries  of  three  cuts,  bp  48-8l'’C/0.75  mm;  n®° 
I.49O2  -  1.5436.  Instrumental  evaluation  indicated  the  distillate  to 
be  largely  l-chloro-2,4-dlmothoxybenzene.  Extract  li  was  prlnc.lpBlly 
3, 5-dlmethoxyarilllnG , 
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6  •  Ethyl  3i5-I>lwethoxybenzoate 

A  flask  was  charged  with  584  g  (5.2  moles)  of  3,5-dimethoxybenzoic 
acid,  1100  ml  of  absolute  ethanol,  and  120  ml  of  concentrated  sulfuric 
acid.  The  mixture  was  then  heated  to  gentle  reflux  for  twenty  hours, 
after  which  800  ml  of  ethanol  were  removed  by  distillation  at  ambient 
pressure.  The  residue  was  partitioned  between  ether  and  water.  The  re 
suiting  layers  were  separated  and  the  aqueous  layer  discarded.  The 
ethereal  layer  was  washed  with  two  portions  of  water  and  was  then 
extracted  with  three  portions  of  lOJ^  sodium  bicarbonate.  Neutral¬ 
ization  of  this  extract  resulted  In  the  isolation  of  25.8  g  of  un- 
reaoted  acid.  The  ethereal  solution  was  dried  over  magnesium 
sulfate,  filtered,  and  the  solvent  removed.  Distillation  of  the 
residue  gave  568  g  (88^  yield)  of  ethyl  3,5-dimethoxybenzoate, 
bp  100*0/0.2  mm. 


lOO 
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